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Al'  I T/A;'-;  i  ,  )s ,  ,s  ]  m  -  >) 

Ai)  :>  t  r  ;;  (■  I 

'  i.ANl'lAA  sysii'i  i  r  w  v  i  .i  .• -i  tho  I'ii’.htor  ;j  i  1  o  t  w  i  t  ii  a 

li'Twar.;  lonkin,'  li.lr.irt-J  ',I-'1.1U)  syslci.,  which  allows  him 

t- o  ll\  t.h>‘  .iircralt  lower  ai>J  j'a.li'r  than  he  would 

utherwi^L  a.'  ihic  to  tly-  1  ii  i-  ohjective  of  this  research 
oiturt  w.is  to  il  e  t  c  r  1.  i  o  wlietiicr  tills  increased  capability 
will  -s  i  ;■  n  i  I  i  c  a  n  t  1  y  i  ;:i  p  r  o  y  e  t  ii  e  1  i  ),  h  1  c  r  '  s  survivability  in 
tiic  n  i  >:  r.  t  i  n  L  e  r  J  i  c  t  i  o  ri  role-  Ino  problem  was  studied  in 
the  context  of  tiie  tlireats  and  lerr.iin  found  in  the 
central  roj',ion  of  l.’ost  (iermaiiy. 

A  model  of  the  terrain  features  and  tlireat  scenario 
was  constructed  uslup,  tlie  SLAP.  computer  simulation 
lanf’,  naye.  The  .-io.iet  defensive  systems  can  be  moved 

around  as  desired,  anti  aircraft  can  enter  the  system  at  a 
varletv  of  arrival  Intervals,  airspeeds,  and  altitudes. 
Defen.sivc  systems  that  are  witiiin  rani.;e  oi  the  aircraft 
will  siioot  al  it,  pro,^ided  tliey  are  not  lied  up  witli  a 
previous  aircraft,  blocked  liy  terrain,  or  prevented  from 
shoot  ill;.’  because  ot  a  low  probability  of  kill. 

Tiie  capability  to  tfy  taster  did  not  significantly 
increase  the  fighter's  sur/iv ability.  A  decrease  in 
altitude  from  lOOCi  feet  to  bOO  feet  increased 
survivability  to  a  mino.-  decree,  while  a  further  decrease 
to  25  0  feet  Imuroved  surviv.ibllitv  sipnificantlv.  These 
findinps  led  to  the  conclusion  that  a  strong  effort  should 
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vO,  .A  NUOIT  i'KOKTRAllON  OK  A  SOVIET  ARMY 


1  IntroductiiMi 


Ba  c  k  y,  r  ou  ti  (1 

','aitfd  States  Air  For  re  efforts  in  the  close  air 
support  .md  ill  ter  diction  roles  have  traditionally 
empiiasized  daytlir.e  a  p  |)  1  ic  a  t  i  on  s  of  airpower.  The  reason 
for  tills  emphasis  is  that  we  sinply  do  not  have  aircraft 
capable  of  delivcrinj;  weapons  at  night  with  the  accuracy 
needed  to  destroy  pinpoint  targets. 

Admittedly,  the  K-lll  is  heavily  committed  to  the 
night  interdiction  role;  h.  owever,  its  usefulness  is 
restricted  to  larjje  stationary  targets  which  can  be 
located  on  the  basis  of  a  radar  prediction  that  was 
prepared  long  before  the  mission  was  flown.  It  has 
virtually  no  capability  to  locate  small,  mobile  targets, 
such  as  tank  columns,  nor  does  it  have  a  substantial 
ability  to  destroy  such  targets  if  it  does  locate  them. 

To  improve  the  night  capabilities  of  our  fighter 
force,  several  USAK  agencies  are  working  on  a  system  known 
as  Low  Altitude  Navigation  and  Taigetlng  Infrared  System 
for  Night  (LANTIRN).  Basically,  LANTIRN  is  a  pod  which 


will  be  attached  to  an  F-16  or  an  A-IO. 


The  pod  has  a 


'  o  r  w .  1  ;  .  I , oo ! ,  i  : i  i  1 1  !  r  >1  r  J  (  i  L  I  H  )  f  .i  )i .1  n  i  1  i  t  y  w 1 1  i  c  h  w  1  1  1  link 

up  w  i  t  11  i  :i  e  1  1  . '  t  '  11  o  .( u  -  II  p  i’  i  s  p  1  ;i  v  (  H  I' .»  )  to  r,  i  v  e  him  a 

.ileo  rusi.r  r  u  p  r  u  o  1;  t  a  t  i  o  n  ot  thr  1 1*  r  r  .1  i  n  In  front  of  the 

f 

.1  i  r  c  r  .1 1  t  ,  V.'  i  t  i.  i  1;  I  i  ,n  i  t  t'  (1  (  5  ■'  u  1  d  >,■  by  ^  (1  h  i  >;  !i  )  field  of 

•  lew-  A 11  c  t  1  ■  I  s  <■  (■  t  i  o n  o  i  t  h  t;  pod  will  automatically 

•  iiquii.-  t  a  r  -,  (■  t within  the  I'i’ii's  f  i  i- 1  d  of  view,  point  tliem 
out  ti  the  pilot,  and  fire  Im  a,,in,',  Infrared  (IIR)  Maverick. 

i  n  s  i  1  e  s  at  tie  t  a  r  i;  f  t  s  if  t  i  1  e  pilot  consents.  The  f;  o  a  1 
.peci:  ;c.l  lor  the  sy.-,teri  i  ,s  an  ability  to  acquire, 
■  1  ,1  a  s  i  ;  y  ,  .,nd  fire  at  u;>  to  b  tar;teLS  in  a  7  second  time 
;>  e  r  i  o  a  . 

Tae  i.ANTIKN  systeiii,  when  it  is  fully  developed,  will 
represent  a  sulistaiitlal  advance  in  the  state  of  the  art  in 
several  fields.  Development  of  the  C02  laser,  which  is  to 
provide  surreptitious  terrain  followinii  information,  will 
require  some  major  technological  breakthroughs. 
Developing  the  ability  to  automatically  find  and  classify 
targets  will  also  be  a  formidable  task.  A  6-rall  Maverick 
launcher  must  he  developed,  and  the  missiles  themselves 
will  .cry  likely  have  to  be  modified  so  that  the  second 


through 

sixth 

missiles  fired  w 

Ill  stay  locked  on  to 

their 

targets 

rather 

than  locking  on 

to  the  m  1  s  s  1  1 

es  f Ired 

just 

before 

them. 

I  h  e  s  e  are  just 

a  few  of  the 

pr ob 1 ems 

that 

must  be 

solved 

before  the  system  can  become 

operat lonal  . 
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to  develop 


l‘  r  o  b  1  .  ■ b  l_  e .  1 1-  n  ^ 

.etore  disc  us  a  in,;  the  tecrhnoloi^y  required 
and  I'l  til’..  Ize  t  h  sysler.i,  a  very  basic  qui'sclon  must  be 
addressed.  How  is  I.ANTIKtJ  goliiq,  to  affect  the 
a  u  r  .•  i  «  a  b  i  1  i  t  y  of  t  ii  e  aircraft  that  is  c  a  r  r  y  i  n ;;  it? 

This  tiles  is  compares  tiie  survivability  of  a 
n  V  j  o  t  li  0  t  i  c  a  I  tactical  fighter  employing  a  FLIR  system  on  a 
n  i n  t  battlefield  air  interdiction  (  11 A  I  )  mission  with  the 
same  aircraft  flying  the  same  mission  without  the  FLIR. 
ri'.e  fi,^hters  penetrate  the  forward  edge  of  the  battle  area 
(FEBA)  and  fly  through  a  typical  array  of  defenses  of  a 
Soviet  ground  army  to  strike  a  target  at  the  rear  of  the 
round  army's  area  of  operations.  The  FEBA  is  assumed  to 
oe  somewhere  near  the  East  German  border  in  central  West 
Germany  . 


'2.b  t  i  V  e 


because  ol  the  pilot's  ability  to  "see"  the  terrain 
ahead  of  him  using  the  FLIR,  he  will  be  able  to  fly  lower 
and  faster  than  he  would  be  able  to  fly  without  the  FLIR. 
The  objective  of  this  thesis  Is  to  determine  whether  the 
increased  capability  of  the  aircraft  provided  by  the  FLIR 
will  significantly  Improve  its  survivability  In  the  night 
interdiction  role. 


J 


i  a 

L  li  i 

a  t  1 1  c*  s  i  s 

,■  the  fighter's  survivability 

i  n 

t  ti  e 

n  1 

!  1  1 

! 

role  is 

analyzed,  with  the  ctinstralnt 

that 

the 

i  tg! 

1  c  c*  r 

l->  U  J 

.  t.  [M-  r  f  o  r  1 

11  a  i  i>w  altitude  e  ue  t  r  a  t  1  o  ii 

of 

the 

e  n  e ; 

V  <, 

1  r  i.i  N 

l  C)  r  a 

ac-.i  the  tarp,  et  area.  Under 

c  e  r  t  a 

in  , 

pernapi  most,  i:  o  ml  i  t  i  o  ii  s  ,  a  liip.h  altitude  in)',re3s  might 
result  in  a  better  probability  of  survival  for  the 
tipiiCer,  but  this  does  not  reduce  the  need  to  determine 
the  I'Lru':.  o  nn  an  c  emeu  L  of  survivability  in  a  low  altitude 
p  e  n  e  t  r  a  c  1  L)  a  .  Weatner  conditions  might,  for  example,  make 
it  impossible  to  perform  a  higii  altitude  Ingress  and 
subseciuent  letdown  to  low  altitude  approaching  the  target. 
Fur  t  lierr.iore  ,  a  1  ov  altitude  Inuress  will  allow  the  fighter 
to  acquire  and  engage  targets  of  opportunity  enroutc  to 


ttie  target  area;  these 

tar 

gets  would  be  out  of 

r  a  !i  R  e 

If  a 

high  altitude 

Ingress  were 

m  a  d  e  . 

Tiie  mode 

1  .studies 

t  tie 

problem 

only  in 

t  lie 

context  of 

the  terrain 

features 

0  f 

central 

West 

Germany, 

which 

consists  predominantly 

o  f 

r  o  1  1  i  n  p. 

f  a  rm 1  a nd 

mixed 

with 

thick  lo rests.  The  trends  shown  in  the  study  should  apply 
to  otiier  terrain  types,  but  this  claim  can  not  be 
catego'^ically  made. 

Fi.ially,  It  Is  important  to  note  that  the 
survivability  figures  developed  by  the  model  are  useful 
only  for  comparing  the  various  alternatives  evaluated. 
Undoubtedly  there  are  factors  not  considered  in  the  model 
which  will  affect  significantly  the  a  u  r  v  1  v  a  !■  1  1  1  t  y  u  f  an 
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aircraft  :  1  y  i  iiK  t  li  a  c  cna  r  i  o  .  Tli  ii wli  e  n  t  Ij  c  mucl  c  1 
predicts  that  twelve  out  of  twenty  aircraft  will  survive 
under  I'ne  sot  of  conditions  and  sixteen  will  survive  under 
another  sot  of  conditions,  the  Imuortant  result  is  the 
comuarisoii  between  the  two  alternatives  rather  than  the 
exact  r:urvivai  fljtures. 

Threat  See n  a  r  1  o 

1.  ach  of  the  five  Soviet  ground  armies  stationed  in 
East  Germany  has  a  p  p  r  o  x  1  ina  t  e  1  y  1000  s  u  r  f  a  c  e- t  o- a  I  r  missile 
(SAM)  launchers  and  1000  anti-aircraft  artillery  (AAA) 
units  (Ref  6:A6).  Tiiese  defenses  are  concentrated  within 
an  area  27  nautical  miles  (NM)  wide  by  5A  NM  long. 
Because  tlje  mission  analyzed  In  the  model  will  be  flown  at 
low  altitude  at  night,  those  weapon  systems  which  do  not 
have  the  ability  to  acquire  and  engage  the  aircraft  wltli 
radar  or  some  other  non-vlsual  system  can  be  eliminated. 
Using  this  criterion,  four  SAIl  systems  and  one  AAA  system 
were  selected  as  representative  tli  reals  In  the  model. 
They  are  designated  as  shown  below: 

1  .  AAA 

2.  SAM-A 

3.  SAM-B 
A.  SAM-C 
5.  SAM-n 

The  approximate  locations  ol  these  threats  in  the  Soviet 


-  FORWARD  BELT 


Majority  of  128  radar-directed 
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5  SAM-C  batteries. 

"  2  SAM-D  batteries. 
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Figure  1.  Radar-Directed  Air  Defense  Systems 


ir.iy  area  are  shown  in  Kij;  ure  1- 

Soviet  air power  is  not  expected  to  be  a  threat,  since 
Soviet  doctrine  calls  for  air  defense  in  tiie  forward  part 
uf  the  battle  area  to  be  the  responsibility  of  the  SAM  and 
AAA  units  in  the  early  sta^;es  of  the  war  (Ref  6:46). 
Furtheriaore  no  known  Soviet  aircraft  has  a  credible 
capability  against  a  hlKti  siieed,  low  altitude  aircraft  at 
n  i  g  h  t  . 

Appendix  11  (SFCRET)  describes  the  threat  scenario  In 
more  detailed  and  specific  terms. 

S  t  r  u  c  t  u  r  a  1  Model 

Figure  2  is  a  structural  model  of  the  air  defense 
elements  of  a  typical  field  army,  as  discussed  in  the 
previous  subsection.  It  is  essentially  an  expanded 
version  of  Figure  I,  with  the  5  defensive  systems  which 
pose  a  significant  threat  to  the  fighter  arranged  in 
"belts"  wiilch  correspond  as  closely  as  possible  to  the 
positions  they  would  actually  occupy.  Note  that  the  first 
five  belts  in  the  structural  model  make  up  what  Is  called 
the  "forward"  belt  in  Figure  1. 

Figure  2  shows  only  the  number  of  defensive  systems 
In  eacli  belt;  It  does  not  show  their  locations.  In  this 
experiment,  It  Is  assumed  that  a  large  part  of  the  enemy's 
movement  of  mechanized  vehicles,  troops,  and  supplies 
occurs  along  a  single  line  of  communication  (LOC)  which 
runs  the  length  of  tiie  area  of  operations.  Two  typical 


Structural  Model 


Lot!';;  arc  sin  uu  in  t' i  c,  ii  r  e  s  3  nnJ  A.  The  tickinarks  along 
tlie  ro<nl  networks  in  these  figures  represent  the  defensive 
weapon  oelts,  wli  1 1  e  the  :narks  the  target  area.  The 
weapons  are  spread  laterally  along  each  belt,  but  they  are 
concentrated  nost  heavily  near  the  LOG.  Note  that  the 
defensl/e  belts  In  Figures  3  and  A  are  drawn  to  scale; 
they  are  not  drawn  to  scale  in  Figure  2. 

The  fighter  can  ttjeoreti  tally  enter  the  FEBA  at  any 
point  along  its  27  NM  front.  In  tlie  model,  however.  It 
enters  within  a  3  NH  corridor  centered  at  the  midpoint  of 
the  area  of  operations  (that  is,  tiie  entry  point  can  be  up 
to  1.5  Nii  either  side  of  the  midpoint). 

Methodology 

In  order  to  analyze  the  fighter  survivability 
problem,  a  computer  simulation  model  was  developed  from 
the  structural  model,  using  the  SIAM  simulation  language. 

The  lateral  distribution  of  the  defensive  sites  along 
each  of  the  twelve  belts  in  the  computer  model  can  be 
varied  by  specifying  the  midpoint  and  the  standard 
deviation  of  the  defenses  in  the  belt.  The  mean  point  of 
the  defenses  in  a  belt  is  the  point  at  which  the  primary 
LOG  crosses  the  belt.  Aircraft  can  enter  the  system  at  a 
variety  of  arrival  intervals,  airspeeds,  and  altitudes. 
Terrain  is  modeled  as  a  probability  of  blockage  -  the 
rougher  the  terrain,  the  higher  the  probability  that  It 
will  block  a  defensive  system's  shot  at  the  aircraft. 
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ROAD  NETWORK  TWO 


FEBA  CIN  NM) 


1  .  I- 


systems  which  shoot  at  an  aircraft  are  tied  up 


r 


1)  e  f  e  r  ;; 

lor  .)  ,)  e  r  ;  o  of  time  following  the  shot;  at  the  end  of 
this  jieriod,  they  arc  released  .md  allowed  to  engage  other 
alter  alt.  Ttie  properties  and  capabilities  of  the  model 
are  discussed  in  more  detail  In  Chapter  III. 

0  V  e  r  V  1  o  w 

The  remainder  of  this  thesis  explains  In  detail  the 
simulation  eftort  and  the  analysis  of  results.  Chapter  II 
discusses  the  components  and  concepts  incorporated  In  the 
simulation  model,  while  Chapter  I'll  discusses  the  model 
itself.  In  Chapter  IV  tiie  data  collection  process  and 
experimental  design  are  discussed;  the  analysis  of  the 
data  is  discussed  in  Chapter  V.  Verification  and 
validation  of  the  model  are  discussed  in  Chapter  VI.  The 
overall  results  of  ttie  thesis  effort  arc  presented  in 
Chapter  VII.  Finally,  recommended  areas  for  follow-on 
study  are  discussed  in  Chapter  VIII. 
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1 1  S  y  3 1 1;  m  Structure 


The  system  structure  is  composed  of  four  basic 
ini;redicnt3  : 

1.  Characteristics  of  the  offensive  aircraft 

2.  Characteristics  of  the  defensive  weapons 

3.  Terrain 

4.  Command,  Control,  and  Communications  (C3) 
structure- 

These  factors  are  discussed  in  detail  in  the  remainder  of 
this  chapter.  Many  of  the  concepts  in  the  chapter  are 
described  in  more  detailed  and  specifl  terms  in  Appendix 
K  (SECRET). 

Defens  ive  System  Envelopes 

The  defensive  systems  modeled  have  the  maximum  and 
minimum  ranges  shown  in  Table  I. 

Tlie  minimum  altitude  at  which  a  SAM  can  engage  an 
aircraft  is  determined  by  the  multipath  angle-  The 
aircraft  must  be  above  the  horizon  by  at  least  the 
distance  subtended  by  the  multipath  angle  at  the 
aircraft's  range,  for  the  SAM  to  get  a  shot.  If  there  are 
hills,  trees,  or  any  other  high  terrain  between  the  SAM 
and  the  aircraft,  a  straight  line  between  the  SAM  site  and 


the  terrain  feature  can  be  considered  to  define  the 


TA'rtLi;  I 


.!  ri e 

F.  n  V  e  1  o  p  e  s  of  :)  e  f  e 

n  s 1 V  e  Systems. 

'  1  i  n  i  m  u m  K.i  n  "  «> 

I'laximun  K a  n g.  e 

A  A 

I.'  O  !1  i- 

1.35  S  M 

3- A;- -A 

2  .  7 

19.4  s;i 

SA,;-B 

4.1  N  :■! 

5  4  ti  M 

SAM-C 

2  .  2  NM 

13.0  NM 

S  A  .  -  D 

1 .  1  r;:i 

6 .  5  NM 

"effective"  Horizon.  Figure  5  shows  an  example 

of  this 

principle  for 

a  SAM  with 

a  multipath 

angle  of 

0 

.35  env', aging  an  aircraft  40,000  feet  away,  with  a  500 
foot  hill  halfway  between  the  radar  and  the  aircraft. 


The  terrain  in  this  example  essentially  adds  1.43"  to 
the  multipath  angle,  or  1000  feet  to  the  altitude  which 
the  aircraft  must  have  in  order  to  be  seen  by  the  radar. 
Thus  the  aircraft  must  be  at  least  1250  feet  above  ground 
level  (AGL)  for  the  oAM  to  have  a  shot. 

in  addition  to  the  multipath  angle,  each  SAM  system 
has  an  absolute  minimum  altitude.  Any  aircraft  below  this 
altitude  can  not  be  shot  down  by  the  SAM.  If  the  SAM 
syster.  in  the  above  example  had  a  minimum  altitude  of  2000 
feet,  it  could  not  shoot  down  any  aircraft  below  that 
altitude.  If,  on  the  other  hand,  it  had  a  minimum 
altitude  of  1000  feet,  the  lowest  altitude  at  which  it 
could  engage  the  aircraft  would  be  1250  feet  AGL,  as 
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Fif'.ure  5.  Terrain  Blockaj'.c  an.i  Multipath  Angle 


computed  previously. 

Tlio  n.inimum  altitudes  and  multipath  angles  for  SAMs 
in  the  rnodel  are  given  in  Table  II. 


T  A  ;s  L  E  II 


Minimum  Altitudes  and  Multipath  Angles  of  Defensive  Systems. 


.'linirauin  Altitude 

SAM -A 

1000  feet 

SAM-li 

330  feet 

SAM-C 

75  feet 

M  u I t i u  a  t  h  Angle 


0.35 


0.35 


0.15 


0.25 


1  5 


SAM-D 


6  0  feet 


i.ivuu  1  ity 


T  h  .■  ;  i  ii  l  o  r  in  L  li  o  n;  n  i  i-  1  c  .i  r  r  i  »•  s  .1  r  t'  j  n  a  t  l-  r  jammer 

.iiici,  radi.itin  power  unitnrmly  i  ri  all  JirccLlons  in  the 
li  om  1  s  ;  n  v  r  i'  below  tl\e  aircraft.  Tlie  eilecCl/e  radiated 
power  (LK:’)  ot  t!ie  j  amine  r  against  the  target  tracking 
radars  of  tlie  t  ti  r  i’  1  t  i.  in  tiie  iiodel  is  ijiiowii  in  Table  111. 

TAHLK  111 


K  f  f  ‘ '  c  t  i  y  e  Radiated  i’  o  w  e  r  o  1  .1  a  n  n  e  r  Against 

D  e  1  n  s  i  V  e  Systems- 


1694  Watts 


SAM -A 


1694  Watts 


914  Watts 


t.AM-C 


914  Watts 


S  A  M  -  U 


914  Watts 


W  e  a  p  o  It  t  en  C  a  p  a  b  i  1  i  t  i  e  s  '’‘iis  LP  IS,  pjri  Aircraft  with 

.1  a  mm  i 


The  range  at  which  a  tar,.’,  et  tracking  radar  can  pick 
up  an  aircraft  is  a  function  of  the  radiated  power  of  the 
radar,  tlie  r.idar  gain,  the  radar  cross-section  of  the 


aircraft,  the  effective  ratliated  power  of  the  jammer,  and 
the  Jainming-to-slgnal  (J/S)  ratio  at  which  the  radar 
operator  Is  able  to  break  through  the  clutter  on  his  scope 
and  lock  on  to  the  aircraft.  All  these  terns  are  well 
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(  J  /  S  )  f  r  C  r  J  t 
\1  '(A”  )  (KKDj 


w  h  f  r  e 

(J/S)  =  jamraing-tu-sit>,nal  ratio  (dimensionless) 

K  =  r.iaxluium  1  e  t  li  a  1  ran>',  o  (in  neters) 

i’ r  «  radiated  power  of  tlie  radar  (In  watts) 

(.r  ”  radar  !;aln  (dimensionless) 

'Jr  =  raiar  cross-section  (in  square  meters) 
(i-Hi’)J  =  radiated  power  of  tlie  jammer  (in  watts) 
(Ref  i:  1 0 1  -  1 02  ) 


(  1  ) 


1 h t  aboze  formula,  expressed  in  decibels,  is 


R.  b  -  (  1 /2  )  [( J /S  )db+(Pr  )  dbi-(Ot  )db- (ATr)db- (ERPj  )  db]  (2) 
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ll.L-  raJii  1  r  os -see  t  i  n  :i  of  tlio  aircraft  varies 
.1  c  o  r  i]  i  11  to  t  lU'  .i.sjioct  at  wliLcii  the  radar  Is  viewing  tlie 

a  L  r  c  r  ,1  ;  t  an.'  t  :i  c  o  |.  o  r  a  t  i  ii  frequency  of  the  radar. 

.  e  c  a  u  I  t  ae  target  tracking  radars  o  i  t  ti  e  AAA  and  the 
,  A :  i  - 1)  (I  i>  e  r  a  t  e  at  close  to  t  ii  e  s  a  iiic-  frequency,  they  will 

e  e  e(;u,il  c  r  c' s  -  a  c  c  t  i  o  n  s  at  a  given  .is  poet.  The  SAM -3  and 

S.W-i:  ran  I'C  g  r  coupe  >1  together  for  tlie  same  reason.  Table 
V  shows  tiic  radar  cross-sections  of  the  fighter,  at 

.'arloiis  as|ie<'ts,  for  all  five  weapon  systetis.  A  0^  aspect 
equates  to  a  head-on  view,  a  9o"  aspect  to  a  side  profile, 
and  a  180  aspect  to  a  tail  view. 

lable  VI  shows  t  l>e  luaxlmuni  range  at  which  the 

•aircraft  Is  within  the  lethal  zone  (J/S  of  20  or  greater) 
for  each  weapon  system  for  various  aspects.  These  values 
were  coi.iputed  by  using  eijuatlons  (3)  tli  rough  (8)  in  the 

RANGES  computer  program  (Appendix  C).  Note  that,  in  many 
cases,  t'ne  range  falls  Inside  ttie  mlniinum  range  of  the 
weapon  system.  Thfs  indicates  that  the  weapon  system  has 

no  c  a  (lability  against  tlie  aircraft  at  that  aspect.  At 

some  aspects,  the  iiiaximur.i  range  given  in  Table  VI  Is 
greater  tiian  the  maximum  range  of  the  weapon  system  given 
in  Table  I;  in  these  cases,  the  value  in  Table  I  applies. 

The  circular  error  probable  (CEP)  is  a  sphere  around 
the  aircraft,  within  which  50,!;  of  the  missiles  fired  under 
a  given  set  of  conditions  will  detonate. 
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1 . 2  ; 

.  9  1 

5.01 

6.31 

1.96 

1 .  /  / 

1.41 

2.98 

3  .  /  I’ 

2.74 

>  .  1)2 

1.89 

■).()/ 

3 . 8  / 

4.68 

2  .  U  s 

1.35 

1.80 

?  .  2  6 

3.22 

1  .  i 

1  .  2  '  ■> 

1.80 

2.34 

2.53 

1.81 

.  7  0 

1.80 

2.26 

2.80 

1  .  'iA 

1.16 

2.0  2 

2.54 

2.32 

1.  7  J 

3.19 

5  .  1 

6.68 

cc 

0.82 

5  .  36 

1  U.  7  1 

13.49 

10.5b 

'1.94 

5.51 

13.18 

1  f;  .  5  9 

15.39 

■1  .  2  ‘3 

/.  27 

12.66 

15.94 

14.33 

2  4 . 0 1. 

2  1.6  2 

'35.5  9 

4  4.81 

37.27 

1  J  .  JO 

12.20 

19.9  5 

2  5.11 

2  0.60 

9.80 

7.80 

12.  30 

15.48 

15.18 

2  .  3  t 

2  .  4  8 

5.79 

7.28 

4.40 

.',.3  4 

3.4  1 

5.48 

6.90 

6.72 

2.97 

1.35 

3.0  5 

3.84 

4.60 

3.59 

1.01 

2.62 

3.3  0 

5.56 

.  3  8 

1.07 

2 . 8  8 

3.62 

3.  66 

2.1/ 

.84 

2.84 

3  .  5  n 

3.36 

2.40 

1.11 

1.77 

2.23 

3.7  1 

2.28 

.  9  5 

1.49 

1.87 

3.53 

2.90 

.89 

2.13 

2.68 

4.49 

2  .  6  5 

1.52 

2.14 

2.69 

4.11 

3  .  2  3 

2.34 

2.11 

2.65 

5  .  oO 

2.04 

1.17 

2  .  1  4 

2  .  7  0 

3.16 

2.51 

1.17 

4.18 

5  .  2  t. 

3.8  8 

.  5  h 

1.78 

4.25 

5.36 

7.06 

h  .  8  3 

1.83 

5.5  6 

7.00 

10.65 

:  ,i  1  i  11  ^  {[.•<)  1  ..  that  J  i  s  t  a  n  L- 1‘  f  r  a; ,  l  h  l'  A.'^i  <1  <'  t  o  n  a  t  ion 

t,  i  t  ii  i  11  waitii  as  naiiy  alrcralt  siir.’i.'o  as  a  r  k  i  1  i  i_- cl  by 
>1  a  l  o  II  a  t  i  1'  a  n  i‘  y  o  ii  d  it.  It  is  a  f  u  ii  i' t  1  o  ri  o  t  both  the  type 

Hi  i  s  s  i  1  e  and  the  type  a  i  re  rat  t-  The  Ictiial  radius  concept 

.1  1  1  o  j  i,  t  I!  e  ;  o e  i  to  a  s  s  11 .  ii  a  "cookie  cutter"  approach  In 
that  ail  lire  rift  within  the  letlial  radius  will  be  killed 
and  .ill  a  i  r  c  r  1  t  t  !>  e  y  o  .i  d  it  s  u  r  .  i  v  e  .  due  lethal  radius  of 

each  It  l!i.'  At',  systeiii.  in  th.  no. lei,  with  respect  to  the 


allow:, 

t  1!  e 

1 

that  a  I  : 

1  a  in 

•rift  w 

a  n  .1  a  1  ' 

1  a  i  r  c 

r  1  t  t  !> 

c*  a  c  h  .1 1 

t!..- 

a;;  s ys 

1  i  g  h  t  e  r 

h!  ode  1 

,  e  d  ,  is 

TAiiLi-;  vri 

Lethal  Kadil  of  SA'I  Systems 

Lethal  Radius 
SAM-A  185  feet 

S  A  M - b  14  3  feet 

S  A : ;  -  A  fa  feet 

S  A  M  - 1.'  7  2  feet 


The  probability  of  kill  is  related  to  both  the  CEI 
and  trie  letlial  radius  by  the  following,  formula: 


(  L  R  /  C  F.  d  ) 


It 


1  II  o  s  p  c  r  i  I  i  c  c  j  p  a  b  i  1  i  t  i  f  s  n  I  t  li  f  t  1  y  i-  d  f  f  e  n  k  i  v  e 
y  s  t  e  I li,  i  'n‘  iiouel  arc  I'cscrihetl  in  tlic  remainder  of 
t  h  1  a  1  11  b  -  s  c  c  t  i  ('  n  . 

SA:.-^\  .  riie  kill  ?oiie  (tiic  ari’U  In  which  the  J/S 

raLic  is  2  d  o  ij  or  less)  of  tlie  SAM-A  is  siiown  in  Figure  6. 
Note  L.iaL,  wilii  the  c c  i- p  t  i  >)  n  of  small  "spikes"  near  the 
0  ana  15 'i  points,  the  tMitire  kill  zone  lies  within  a 
narrow  hand  near  the  90''  aspect  anele.  The  target 
tracking  radar  can  not  be;,  in  trackinp,  the  aircraft  until 
it  ri-aclics  tlic  leading  edge  of  the  kill  zone,  and,  because 
tne  missile  is  coi;na<nnJ  guided,  it  must  reach  the  aircraft 
before  it  is  nt  asked  by  jamming  at  the  trailing  edge  of  the 
kill  zone. 

As  stated  previously,  the  !’k  outside  the  kill  zone  is 
zero.  within  the  kill  zone,  the  CEP  is  related  to  the  J/S 
ratio  .It  the  time  of  interceiit  by  the  following  formula: 

CEP  .0000252  (J/S)  R  +  9610  (J/S)  +  671  (10) 

w lie  re  K  Is  in  meter^s,  and 

(J/S)  is  a  real  nuniccr  (not  in  decibels). 

Obviously,  the  lowest  CEPs  will  result  when  the  aircraft 
Is  close  to  the  SAM  site  and  the  aspect  is  9  0*^  (maximum 
radar  cross-section,  minimum  J/S  ratio).  However,  an 
Intercept  at  the  9()'^  point  will  never  occur  with  the  SAM-A 
because  of  the  narrow  kill  zone.  Engagements  will  occur 
near  the  trailing  edge  of  the  kill  zone,  if  they  occur  at 

2  3 


.  The  kill  zone  i)  I  the  SAM-fi  is  s.iown  In 

ure  /.  While  the  missile  iias  a  i;iaximiii.T  ran^je  of  about 

NM,  it  is  siiown  out  to  only  20  NM  because  the  kill  zone 

becomes  too  uarri'w  (or  the  missile  to  l.ave  a  chance  of 

I  n  t  e  r  c  I  p  t  i  n  >;  an  alter  ait  beyonh  tliat  range.  The  "spikes" 

el  the  30'  and  ISO'  asptets  are  too  small  to  give  the 

hAM-B  a  shot  at  the  aircraft.  Thus  the  kill  zone  is 

restricted  to  the  ban.  d  near  the  90*  aspect.  The  COP  for 

the  SAM-H  is  coi.iputed  using  the  formula: 


C  r.  i‘ 


.  U0000562 


( J  /  ;'> ) 


2 


K 


+  2b 00  (J/S)  +  232 


(11) 


SAM-C  .  The  kill  zone  of  this  missile  is  shown  in 
Figure  8.  The  CKP  of  the  missile  is  determined  by  the 
f  o  r  ni  u  L  a  : 


CLP  -^(.00000071)  (J/S)  R  +  2200  (J/S)  +  58  (12) 

Unlike  the  SA.'I-A  and  SAM-B,  the  SAi'-C  appears  to  liave  a 
significant  chance  I'f  killing  the  aircraft  at  aspects 
otiier  til  an  tliose  near  the  90''  point;  the  spikes  near  25 
and  18  0'^  look  particularly  promising.  Tt\e  25  spike  is 
the  longer  of  the  two;  however,  an  aircraft  entering  this 
area  would  be  well  past  the  25°  point  before  a  missile 


could  reach  it,  even  witli  minimum  reaction  times.  Since 
the  radar  cross-section  in  the  30° -A  0°  region  (where  the 


i  :i  t  e  r  c  p  t  V.  1)  u 

1  a 

o  L  c  1  r  (■  .•  K'  II  u  n 

d  i*  r 

t  il*‘ 

mi)  s  t 

favorable 

c  o  11  d  i  1  i  .)  11 1.  )■  n  1 

t  11  o 

SA.l)  are  l.-Si 

t  fi  a  11 

t  lU) 

s  c  a  t 

the  180 '' 

i  11  i  ,  ,.11  i  .1  t  c 

r  e  p 

t  at  L  li  o  13  0  p 

()  1  !i  t 

W.'i  s 

;  1  n  V  i  f. 

t  i  g  a  t  c  (i  . 

I  n  r  1  n  11  1 

intercept,  t  ‘  i  o 

i  S  S 

i  1  e 

would 

be  able  to 

t  i  r  t  '.j  o  !i  e  c  o  n  (i  i;  (  m  i  1  i.i  u  r.i  1  o  c  k  -  o  n  t  1  in  i- )  ii  1  L  e  r  the  aircraft 
r  e  n  t  e  r  (.  c!  the  kill  zuuc-  at  2.2  tlM.  Ihe  range  of  the 
aircraft  it  the  time  the  ,a  i  s  s  1  1  o  is  i  i  r  e  c!  ,  assuming  an 
aircraft  Velocity  of  't  8 0  knots.  Is 

kf  »  2.2  +  (480  N’M/hr)  (hr/3600  sec)  (2  sec) 

=  2.467  NM. 

riie  point  of  Intercept  was  computed  Iteratively,  using  the 
f  o  r  n  u  1  a 


R  -  3600  (Re  -  Rf)  /  (TAB)  (Tf)  (13) 


where 

R  »  range  to  Intercept  (in  NH) 

Re  “  estimated  range  to  Intercept  (in  NM) 

Rf  -  range  of  aircraft  when  missile  is  fired  (2.466 
NM) 

Tf  -  missile  flyout  rate  (in  sec/NM) 

TAB  «=  aircraft  velocity  (in  knots) 

3600  “  conversion  factor  (knots  to  NM/sec). 

The  final  iteration  yielded 

R  -  3600  (4.20  -  2.467)  /  (480)  (3.09)  -  4.20  NM . 


Thus  the  engagement  occurs  at  4.20 


NM  for  an  aircraft 


travelling,  at  a  ,■  e  1  d  i-  I  t  y  o  £  A  K  0  knots*  This  range  equates 
to  7  7  7  8  laeti'i;,  or  38*9  dbm.  Tlie  .1  /  S  ratio  for  a  llAM-C 
target  tracking  radar  looking  at  the  tall  of  the  aircraft 
at  this  range  1 s 


J/.i  =  (i'KPj)  (4it)  r  /  Pr  Cr  Ot 


(J/S)db  =  (ERl>i)dh  +  (ATr)db  +  2(k)dbin  -  (Pr)db 

-  (Gr)db  -  (at)dbm 

“29.6  +  2(38.9)  -  53  -  A1  -  9.A8 
=  1  A . 92  db 

(  1  A  .  9  2  /  1  0  ) 

J/S“  10  -31.05 


The  CbP  Is 


I-  -  (. 
\1 


000000  7  1  )(  3  1 .05  ) (  7  778)  +  ( 2 2 00  ) (  3  1 . 0 5  )  +  58 


2  6  A  m  . 


866  ft. 


The  probability  of  kill  is 


(86/8  6) 


1  -  .  5 


Since  tills  is  the  best  shot  that  the  SAM-C  can  expect 
to  get  against  any  aircraft  that  pass  inside  2.2  NM 


lateral  range  of  the  missile  site,  the  eneny  doctrine 


29 


Lirio  t'.if  SA'1-C,  tl.c  SA!1-»  appears  Lo  havi  a  signll  leant 
chance  of  killing  the  aircraft  at  a  wide  variety  of 
as  j)  ecus.  The  moat  promising  are  the  head-on  view  (0 
aspect)  and  the  rear  view  (1 80''  aspect). 

i'or  the  head-on  view,  the  siiot  was  assumed  to  be 
timed  HO  that  the  intercept  would  occur  just  as  the 
missile  reached  the  nlnlr.uim  range  oi  1.1  Nit  (  20  37  meters 
or  33.1  dbm).  Tlie  calculations  tor  this  shot  are  shown 
be  1 ow : 


(J/S)db  -  29. b  +  11  8  2(33.1)  -  30  -  43  -  8.2 

-  5.6  db 
J / S  “  3.63 

I  ^ 

ChP  -^  000000  32  5  (  3.6  3  )  (  203  7  )  +  1  890  (  3.63  )  +  25 

»  8  3  in . 

-  272  ft. 

2 

(  7  2  /  2  7  2  ) 

Pk  -  .  5 

-  .04  7 
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:  n'  1  i  n  1  ;i  .1  s  i  i.i  i  i  o  r  u  a  11 11  o  r  for  a  11  a  i  r  c  r  a  I  t  at  a  5 
aspect  (  a  p  p  r  i'  X  i  1,1  a  l  e  1  y  .1  ;  lateral  displacement  at  the 

en^a^enent  ranne  ot  1-1  Nfl),  a  I’k  ol  .  (J'l  j  was  obtained. 
I'o  r  aspects  ot  1  0  or  no  re,  the  I’k's  are  too  low  to  make 
tiie  shot  worth  t.ikliip;. 

kv)  r  t i'  rear  view,  the  missile  was  assumed  to  be  able 
to  lire  two  seconds  (niiniiMo.i  loci -on  tine)  after  the 
aircraft  reentered  tin  kill  zone  at  1.1  NM  .  This  problem 
was  T  o  1  V  e  d  iteratively  iir>  i  n , ;  equation  (13);  however.  In 
this  case 

kf  “  1.1  +  (480  NM/iir)  (hr/36  0  0  sec)  (2  sec) 

=  l.it.  /  N.l 

assu.ninp,  the  aircraft  has  a  .'elocity  of  480  knots.  The 
final  iteration  yielded: 

R  -  (2 . 58-1 . 367 )( 3600)  /  (480)(3.53)  -  2.58  NM. 

Thus  the  intercept  occurs  at  2.58  NM  for  an  aircraft 
travelling;  at  a  velocity  of  480  knots.  This  range  equates 
to  4  7  7  d  meters  or  3  6.3  dbm.  Tlie  calculations  for  this 
shot  are  shown  h  e  1  o  w ; 

(J/S)db  -  :<).(,  +  11  -k  2(36.8)  -  50  -  43  -  15.05 
“  h  .  I  5  d  b 
J  /  3  -  4.12 

-  . 

Chi’  -\.  0  00  00  0325  (4.12)  (4''78)  +  (1890)  (4.12)  +  25 

■>  8  H  .  <)  m 


291  ft 


1 


I'k  - 


2 

(  7 1 ) 

-  .  s 


=  .')41 


Th  e  a  n 

■  jve  r  c 

suit  is  e  X  t  r  e 

ta  e  1  y 

sensitive  to  the  aircraft's 

later  a  1 

ii  i  s  p  1 

ac  erae  n  t  from 

t  h  i! 

SAM-1)  3 

ite.  An  aircraft 

d  i  s  p  1 .1  c 

L‘  ij  o  n  1 

y  .2  NM  !  ron; 

t  he 

site  will 

have  a  175*^  aspect 

rather 

t  a  11  j 

18  0*^  aspect 

a  t  t 

he  time 

of  intercept,  and 

the  P  k 

w  i  1  i  d 

r  o  p  to  .029. 

An 

a  1  r  c  r  a  f  t 

displaced  .4  MM  has 

a  170 

aspect 

a  n  d  a  P  k  of 

.013 

- 

I'o 

r  d  11 

aircr.ift  flying 

at  5  4  0 

knots,  the  final 

Ittratlon  yielded  an  intercept  range  of  2.98  NM  (5526 
ineturs  or  37.4  dbia).  This  range  resulted  in 

J  /S  -  7.35 
Cl'P  -  388  feet 
Pk  -  .013 

for  a  direct  tail  shot  and  correspondingly  lower  Pk's  for 
lateral  displacements  that  denied  the  gunner  a  direct  tall 
shot.  Ihe  results  of  the  above  calculations  are 
sumniar'ized  in  Table  V'lII. 
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TABi. VIII 


Probability  of 

S  ill’  Within  .2 

Kill  for 

N M  of  l  h e 

SAM-D 

Site. 

1  c  \ 

[■  .  1  i 

! '  i  s  p  1  a  c  e  in  e  n  t 

TAS 

Best  Shot 

f’  .  0  ' 

.  >. 

/.SO/ 5  40 

F  r  o  n  L  .1  1 

.  0  4  7 

2.1  : 

M 

4S0/540 

Frontal 

.033 

0.2  ; 

■;  Ni 

480 

Rear 

.029 

0.2  1 

540 

Rear 

.023 

8  e  y  0  ti 

c  .  2 

NM 

lateral  displa cement,  the  Pk' 

s 

fall 

below  2X, 

wll  i 

c.  h  i 

s  the  minim nn 

Pk  at 

which  the  missile  Is 

allowed  a 

shot 

accordlnj’  to  the 

C3 

assumptions 

o  f 

the 

e  X  ;3  e  r  i  m  e  n  t 

• 

The 

C3  structure 

is  explained  later 

in 

this 

chapter  . 

The 

coverage  of  the 

SAM- 

D  falls  into 

three 

rejilons,  as  shown  in  Table  IX: 

TABLE  IX 

!vnt;agenie  n  C  Parameters  of  the  SAM-1). 

Lateral  1)  1  a  p  1  a  c  e  in  e  n  t  Aspect  a  t  Which  Shot  1  8  Taken 

0  -  . 2  NM  Front  or  Rear 

.  2  -  ]  .  1  N  I  None 

1.1-6.SNM  Side 
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.'v  \  A  . 

ri. 

1  1  i.i  X  !  L'l u m 

d  e  t 

i'  c  t  i  o  n  r  a  n  i-  e  a 

of  the  A  A  i\ 

1  1  e 

we  1  1 

(■>  n  C  s 

1  d  e 

the  1ft  h 

al  e 

n  V  «•  I  a  p  *•  of  t  a  e 

it  u  n  1  t  s  e  1  1  , 

w  1  1 1. 

Che  c 

X  c  ».•  p  t 

i  o  n 

e  t  a  s  r.  a  1 

1  ha 

111!  It  t  e.  e  3 '> 

aspect  angle. 

As 

with 

L  .1  0 

S  A ' ! 

r,  ,  the  se 

r  a  n 

e  s  a  s  u  me  t  1 1  e 

J/S  ratio  rust  be 

less  tnaii  2(1  Jb  for  the  tracking,  radar  to  lock  on  to  the 
aircraft.  He  cause  tlie  AAA  radar  ca.n  see  the  aircraft  well 
before  It  enters  the  lethal  enveloi>e,  it  is  assumed  that 
the  AAA  can  entjage  any  aircraft  that  is  within  its  lethal 
envelope. 

fhe  lethal  envelope  of  the  AAA  is  shown  in  Figure  10, 
with  the  points  at  whicli  the  AAA  gunner  is  expected  to 
attempt  to  engage  an  incoming  aircraft  indicated  by  the 
heavy  line.  If  the  aircraft  passes  the  AAA  site  at  close 
enough  a  range,  it  is  assumed  that  the  gunner  will  attempt 
Co  engage  it  at  a  slant  range  of  about  3000  feet.  This 
allows  him  to  avoid  the  mechanical  difficulties  associated 

with  tracking  an  aircraft  moving  at  a  high  angular 

0 

velocity  overhead.  Once  the  3000  foot  ring  reaches  a  45 
aspect,  however,  the  gunner  is  dealing  with  an  aircraft 
moving  at  a  high  angular  velocity  in  the  horizonal  plane. 
Therefore  the  gunner  is  expected  to  attempt  to  engage  the 
aircraft  along  the  45"  line  until  the  maximum  range  of  the 
gun  Is  reached.  If  an  aircraft  passes  the  45°  line 
outside  the  AAA's  lethal  range,  the  gunner  will  shoot  as 
soon  as  the  aircraft  hits  the  maximum  lethal  range  of  8200 
feet. 
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:u  J  f  t.  e  t  til  i  11  c  j  ri.  for  Lilt-  AAA,  it  is  necessjry  to 
f  i  r  :i  l  J  e  L  u  r  111  i  n  e  t  ti  o  Velocity  of  t  ti  e  bullet  at  the*  time  of 
luterct()t.  fills  is  <J  e  t  e  r  1.1  i  noil  by  the  equation 

-  (  [>  C  li  A  K  /  2  in  ) 

Vl  -  VI  e  (15) 


w  II  e  r  e 

V  t  “I  1  a  I  e  r  ('  e  p  t.  velocity 

Vi  “  i.iUiii’.  le  .lelocitv  (1050  ft /sec  for  the  AAA) 
p  *  air  Jeiisity  (-00237b  slugs/cu  ft) 

Oil  =  drag  coefficient  (.38  is  a  good  average  value) 

A  =  cross  aecticaal  area  (.004477  sq  ft  for  the  AAA) 

R  «  Intercept  range  (in  thousands  of  feet) 

in  =  mass  of  the  bullet  (.43  pounds  for  the  AAA) 

(Ref  2:32). 


When  the  above  values  are  us'‘d  in  equation  (15),  it 
reduces  to 


-.1513  K 

Vf  -  3050  e 


ll6) 


Once  the  velocity  of  the  bullet  at  intercept  is  known,  the 
time  of  flight  of  the  bullet  can  bo  calculated  by  the 
equation 


TOP 


p  C  d  A 


\^Vf  -  Vi/ 


(17) 


where  TOP  is  tlie  tine  of  flight  in  seconds,  and  all  other 
values  are  the  same  as  tliey  were  defined  previously  (Ref 


2:3^).  1  ,  ;  1  t  !■  >'  t  p  p  r  i.i  p  r  i  ,i  t  .•  values  are  used  in  equation 

(  1  /  )  ,  it  r  e  .1  u  e  e  s  t  e 


1  1 !  f  =  (  (j  fA.'  1  .  7  b  /  V 1  )  -  2.1640 


(18) 


Unie  till'  bullet  liiKc  of  f  I  i ;;  h  t  has  been  determined, 
tile  sLii,le  sliot  pro  nubility  of  kill  can  be  computed  using 
the  e  .)  u  a  t  i  o  ii 


I’k 


S  ij 


(Ref  7  :  H  ) 


\ 

V 


2tio"  +  A 

v 


-■S(a2.2K) (TOF)^ 
■> 

2tto“  +  A 

e  V 


(19) 


Av  is  the  .’uluerable  area  ot  the  fighter  and  is  determined 
by  the  formula 


Av  -  (PA)  (%VA) 


(20) 


where 

PA  =  presented  area  (total  area  exposed  to  the  gun) 

%VA  =  percentage  of  the  presented  a.  that  will 
result  in  a  kill  of  the  aircraft  if  hit. 

The  PA  varies  according  to  the  aspect  at  which  the  gun 
site  is  viewing  the  fighter,  but  a  good  average  figure  for 
the  fighter  in  the  model  is  263  square  feet.  Similarly, 
the  ZV A  varies  with  aspect,  but  21Z  can  be  used  as  an 
average  figure.  Thus 

Av  -  (2h5)  (.21  ) 
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5  S  .  f)  5  i  (|  I  I 


for  t  n  e  t  i 

d  liter  in  L  he 

node!  . 

a  1  t, 

t  ii  e  i  1  d  i  s 

P  i'  r  s  i  !-•  11  o  f 

t  ht.* 

,;ii  n  .  A  one 

rail 

d  i  s  e  r  i  o  n 

produces 

up  to  one 

foot 

of  error  for 

each 

t  11  o  u  s  1 11  d  1 

('it  o  i  r  a  n  q  e 

between  t  ii  e 

^ 

and  the  target 

A 

r  o  a  s  o  n  ,1  h  1  e 

e  s  t  i  1.1  a  t  c 

o  f  a  V  a  1  u  e 

o  f 

for  the  AAA 

under 

o  o  111  b  a  L  conditions  is  20  mils.  Tims 


a  =  2  0  R 

ior  tno  AAA,  .si  net-  R  is  ex  (pressed  In  thousands  of  feet  (at 
a  r  a  n d  e  of  2  5 1) 0  feet,  i\  =  2.5). 

Tiie  term  g  is  the  number  of  "g"s  being  pulled  by  the 
pilot  at  the  time  the  bullet  is  fired.  All  other  terms  in 
equation  (20)  are  as  defined  previously. 

niien  tile  appropriate  values  are  used  in  equation 
(19),  the  equation  becomes 


Pk  ss 


-Ib.lg  (TOF)^ 

.S5.()5  2tt(20R)^  +  55.65 

2  ^ 

2-ir(20R)  +  55.05 


(21) 


Finally,  the  overall  I’k  for  a  burst  from  the  AAA  is 
found  using  the  formula 

n 

1M  =1-(1-Pkss)  (22) 

wiiere  n  “  number  of  rounds  fired  in  tlie  burst. 

In  this  experiment,  the  gunner  is  assui.icd  to  always  shoot 
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a  5  0  I  .)  n  ii  Li 

hurst 

( about 

2  /  3  o  1 

a  second), 

T  b.  i  s 

1  s 

tact  i c  a  1  1  y 

S  IMl  U  d 

because 

1  onge  r 

bursts  will 

heat  up 

the 

bjrrol^  and  do  perir.  ancnL  daLiaKf  to  tlic-  j.;  n  n  .  Thus 


5  0 

i’K  =  I  -  (1  -  I'Kss)  (23) 

0  n  >;  a  i',  i-i  e  n  t  'iSl'lHO?!  Systems 

All  the  SAM's  in  the  model  miist  (;o  through  four 
distinct  sea,',  es  in  order  to  engage  an  aircraft.  At  the 
end  of  t!ie  lourth  stage  they  are  ready  to  engage  the  next 
aircraft.  The  stage:;  are  listed  below: 

1.  Target  acquisition. 

2.  Tracking  and  missile  firing. 

3.  Missile  flyout  time  (tlie  SAM  operator  must 
monitor  and  guide  the  missile  until  it  either 
hits  or  misses  the  target). 

Conlounding  delay  (all  delays  associated  with 
getting  the  launchers  and  radars  ready  for  the 
next  target). 

The  AAA  goes  through  the  same  stages  except  the 
flyout  time  stage.  Once  the  bullets  have  left  the  muzzle, 
Che  gunner  has  no  control  over  them  and  thus  does  not  need 
to  monitor  tliem. 

The  times  associated  witt)  the  above  four  stages  are 


given  in  Table  X . 


lAisi.;:  X 


I  1  r,i s  K  e  <j  u  1  r  t*  ^  lor  A  A  \  j  n  .1  S  A  1  ()  jj  i-  r  .i  C  i  o  n  s  . 


A  c  q  a  1  s  1 

lion 

1'  r  a  c  1. 

/  Fire 

Flyout  Confounding 

'  .n  i  n 

VA  1  \ 

.'1  i  11 

r;  .1  X 

T  i  m  e 

Delay 

A  A  \ 

1 

1 

- 

b  sec 

2  3  sec 

- 

3  0  sec 

.'.A  \ 

1  -  .  O  1 

•4  /  set  ! 

1 

•'i  Sec  1 

4  -S'  t  :  c  1 

i  .  1  J  s  e  c  /  n  m 

13  sec 

S  A  \ 

1 

Id  s  e  < 

J.  J  S  t,*  1 

2  sec 

4  sec 

2.44  sec/nm 

13  sec 

1  b  v;  «:■ 

10  SI'  c 

-  S  f 

S  sec 

3.09  sec/nm 

3  0  sec 

A  A.l-  !' 

-S  c 

2  U  s  e  ( 

1  ‘ 

3  sec 

3-33  s  0  c / n  m 

3  0  sec 

I 

J 


Tho  ac  quia  it  ion  time  of  t  lie  AAA  is  Included  in  the 
t  r  a  c  k.  /  f  1  r  e  column  in  '!  a  b  1  e  X  . 

ilecause  the  lanmcr  concentrates  Its  eliort  on  the 
tarcet  trackinu  radars.  the  acquisition  radars  of  the 
weaoon  systems  arc  assumed  to  be  locked  on  tt)  the  aircraft 
by  t;ie  time  It  reaches  the  leading  edce  of  the  kill  zone* 
Thus  trie  missile  has  a  snot  at  the  aircraft  If  the  sum  of 
the  tracking /firinf,  time  and  the  missile  flyout  time  is 
1  e  s -s  tnan  or  equal  to  the  time  during,  which  the  aircraft 
is  in  the  kill  zone. 

For  example,  a  SAli-C  firing  against  a  480  knot 
aircraft  whose  displacement  from  the  missile  site  is  5  NM 
at  the  point  of  closest  approach  can  get  a  missile  out  to 
the  aircraft  in  a  minimum  of 


2  +  3.09  ( 5 ) 


17.43  sec 


vlllvi  vl 


ci  N  i  J.I  II  la  L)  t 


*( 


h 

+  3 

■  ow 

(  5  )  »  2 

) .  4  5  set'. 

1  11  e  a  i  r  c  r  ,1  i 

t 

will 

b  c 

in  t  h  e 

fill  zone  for  about  3 . S  N  M ,  or 

2  h  .  5  seen  n  .1 

s  . 

s  o 

the 

missile 

will  have  a 

shot  at  the 

a  i  r  c  r  a  t  t  . 

1  1 

the 

v.\  i 

s  s 1  1  e  is 

1 au  n  c  h  e  d  in  the 

minimum  time. 

the  aircraft 

will 

h  e 

2.  3  IJM 

a  s  t  1 1 1  e  leading 

edge  of  the 

kill  zone 

and 

its 

aspect 

will  he 

at  the  t i me  of 

intercept-  1!  the  n i s s i 1 e  is  launched  at  the  maximum 
time,  tpe  aircraft  will  be  1.1  NM  past  the  leading  edge 
and  its  aspect  will  be  105 The  I’k  of  the  missile  would 
be  lower  in  the  latter  case  because  of  the  higher  J/S 
ratio  at  tills  aspect. 

After  firing,  the  missile  site  remains  tied  up  until 
the  end  of  its  confounding  delay.  After  the  confounding 
delay,  it  is  ready  to  acquire  another  aircraft.  Thus  the 
site  is  unable  to  track  and  fire  at  another  aircraft  until 
a  time  period  equal  to  ttie  sum  of  th.e  confounding  delay 
and  acquisition  time  has  passed. 


The 

SAM-C  mentioned 

above  will 

be  able 

to  begin 

tracking 

another  aircraft 

in  a  minimum 

o  f 

30  +  15  •  45  seconds 

and  a  maximum  of 

30  +  30  “  60  seconds 

after  the  previous  missile  has  reached  Its  target 
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■Hiiiiiiiii 


,i  i  r  1-  r  !  . 

Terra  i  :: 

.'lie  terrain  in  tlie  are.i  nadele.!  e  d  ii ;;  i  s  t  s  ot  rollinjt 
t  a  r  . .  1  a  .1  i  .:i  i  x  e  J  w  i  t  !i  thick  1'  o  r  <•  s  I  .s  -  (  i  g  n  r  e  II  s  h  o  wa  the 

r  o  :>  a  h  i  ;  i  i  y  o  i  a  clear  line  a  f  s  i  j',  ii  t  existing;  between  the 

w  e  a.  ,1  o  a  a  i  t  e  and  the  t  a  r  y,  •  ■  t  aircraft  In  this  type  of 

terr.iia  (Kef  l;An).  The  probability  <'f  a  clear  line  of 
s  i  1. . .  t  .  a  function  of  tat  aircraft's  altitude  and  the 

■trcuiid  raa,;e  Ironi  the  weapon  site  to  tfie  aircraft.  The 

data  in  rip,  ure  11  is  tr.ui  slated  into  a  series  of 

riti  t  en  ,1 1  i  c  a  1  approximations  in  the  computer  model. 

Co  luna  li  d  .  Control  .  and  Coipmunlcatlons 

Ttie  AAA's  are  assumed  to  operate  relatively 

antonomously  and  will  be  allowed  to  shoot  at  any  aircraft 
that  come  witliin  tlieir  lethal  envelopes.  However,  in  an 

effort  to  keep  all  of  them  from  getting  tied  up  on  the 

first  aircraft  tliat  they  see,  only  the  five  guns  with  the 
highest  Pk  in  a  given  belt  are  allowed  to  shoot  at  any 
particular  aircraft.  The  SAM's  will  be  subject  to  more 
rigorous  control  and  will  not  be  allowed  to  engage  an 
aircraft  unless  their  probability  of  killing  the  aircraft 
is  sufficiently  lilgh.  In  this  model  a  Pk  of  .02  has  been 
used  as  tlie  cut-off  point;  if  the  Pk  is  computed  to  be 

.02,  the  missile  will  not  fire.  Only  two 
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less  than 


ILITV  or  A  CLtAA  L>Mi  Of  tlOHT 


in  i  s  i  1  i‘  s  1  t  o  s  t  r  o  1 1  ,i  ii  v  i  v  e  n  b  i*  1  t  .i  r  i-  .i  1  1  o  v  c  d  to  fir  i-  a  t 
t  ,10  ^  a  'll  o  aircraft. 

S  a  c.aj.a  r  y 

T  Li  i  s  a  a  (  t  i  o  u  has  d  i  s  c  u  s  s  t-  cl  the  c  ii  a  r  a  e  t  e  r  i  s  L  i  c  -s  of  the 

o  t  1  e  11  s  i  r  a  a  L  r  c  r  a  [  I  and  d  e  f  e  a  a  f  v  e  weapons  which  comprise 

the  system  structure  of  the  110  del.  It  has  also  o  tit  lined 

the  terrain  and  C3  features  wliich  influence  the 
interactions  between  the  aircraft  and  the  defenses.  The 
following  chapter  discusses  the  specific  steps 

a^'cciiplished  in  creating  a  computer  model  of  the  system. 


—  4..- 


Ill  :v  i  1..  I!  1  .  t  1  .)  n  .'1 .1 .!  I'  1 


' 

'  .  t' 

ll  i 

. .  1  i  11  L  e  t  J  I 

cl  i  o  a 

1  rotilen  was  iiodeled  into  tlie 

SI. 

t  1 

w  .1  r  k  s  h  ^iw  11 

i  II  Ap 

,.eiidix  A-  The  network  merely 

r  u 

:  e 

t  n 

*  •  <1 

i  r  c  r  .1  I  t  I. 

ll  r  ij  u  p  ll 

tlie  army  area,  ultimately 

S  c* 

1:  li  i  . ; 

,u;  ii 

.1  i  r  c  r  .i  1  t 

to  a  " 

Kill"  node  if  it  is  shot  down. 

o  t 

1  1 

.1 

u  r 

.  i  .• 

t’ "  Modf  i 

1  1  1 

s  ll  c  c  e  s  s  f  ll  1  1  y  ii  e  p  o  t  1  a  1  e  s  the 

'-I  e 

t  ♦-*  ll 

i 

A  V 

ray.  TU v 

in  a  j  o  r 

portion  of  the  modeling  effort 

i  s 

1.  i)  V. 

1  A  i 

n  f  d 

in  a  i; n  r  i 

e  s  of 

discrete  subroutines;  some  of 

c  h 

O  S  t‘ 

r  f 

c  a  1  1 c d  by 

the  11  e 

twork,  while  others  are  called 

b  y 

o  t  h 

!•  r 

rout i n  e  s  . 

Tlie 

network  and  subroutines  are 

d  C 

scribed 

i  n 

i:i  ore  detail  i  n 

ttie  following  subparagraphs. 

Ne  t  wo  r  k 


A 

total  of 

20 

aircraft  enter 

the 

network  , 

r  e  p  r  e  s  e 

n  t  1 11 t  !i  e 

c: 

o  n  m 

i  t  m  e  n  t 

of  roughly 

a  squadron  of 

a  1  r  c,  r  a  1 

t  to  t  tie  t 

e  t 

c  o  m  ()  1  e  X 

.  The  Lime  between 

entries 

is  set 

at  one 

0  f 

two  Values.  Wtien  tlie 

first 

aircraft 

enters 

t  ti  e  system 

3  t 

n 

tine  of 

zero,  it  is  routed 

to  event 

node  I 

,  W  ll  1  C  ll 

f  i  X 

e  s 

t  h  e  p  o 

sitlons  of  all 

the 

defensive 

si  t  e  s  . 

1  ti  e  s  e  p  0  s  1  t  i 

o  n  s 

remain 

fixed  for  the 

r  em  a  1 n  d  e  r  of 

L  h  e  ri.ii-  All  the  remjlnln)’.  aircraft  bypass  event  node  1. 

Kicb  tip,  titer  crosses  tlie  FEliA  as  It  enters  the 
network.  At  .2  NM  after  entering.,  it  encounters  the  first 
belt  of  threats,  consisting,  of  25  AAA  sites.  Event  node  2 
deteriiiincs  wliich  AAA  sites  shoot  at  the  aircraft  and 
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w'.i  I' t  ill  -  I  it  is  i  I  1 1‘  ci  . 


ir  it  is  kille.l.  ATKlrt(n.  the  kilJ 


i  t  1  L  II  s  v  .1  r  i  .1  ;i  1  >  ,  is  -set  i-  (|  11 .1  1  to  zero,  and  I  li  e  aircraft 
e  11 1  i  t  y  i  s  e  . ,  t  to  ,1  pair  of  collect  nodes  w  li  i  c  h  gather 
a  ;i  p  1  i  1-  ,1  b  1  e  statistics.  It  it  is  not  killed,  the  clock 
advances  and  it  proceeds  aim  t  tier  .8  iJ  M  to  belt  2,  whicli 
-■  o  n  t  a  i  i:  .  1  ::>o  r  e  A  A.\  sites. 

it  the  1  I  y  ii  t  e  r  s  a  c  i  e  s  s  1  u  I  1  v  negotiates  belt  2  ,  the 

clock  is  aj'.ala  advanced  and  it  proceeds  to  belt  3,  whicii 

contains  3  SA.,-Ci  sites  and  2  SAM -I'  sites.  It  is  engaged 
by  tile-  SAh-'.i's  first.  Kvent  node  3  handles  tlie  SAM-C 

e  n  g  a  g  e  t;  e  n  t  s  .  Jf  the  fig  liter  ev.ades  the  .‘-'AM-C's,  it  then 

e'ncoiuiirrs  ti:e  iiAM-P's  at  event  node  4.  If  it  is  not 
killed  by  the  SAM-Ii's,  tiie  clock  is  advanced  once  more  and 
the  figiiter  proceeds  to  belt  4,  which  contains  25  more  AAA 
sites.  I'he  .Model  proceeds  In  tnis  manner  until  the  target 
area,  defended  by  one  AAA  site,  is  reached. 

1;  the  fighter  penetrates  all  the  threats  In  the 
model.  It  enters  a  collect  node.  The  model  continues  to 
run  until  all  20  aircraft  liave  been  accounted  for. 

The  computer  coding  of  the  network  is  found  In  lines 
4580  through  5410  of  the  computer  model  (Appendix  B). 

Inlt iallzation  Subrout ine  (Event  Node  1  ) 

The  defensive  sites  In  each  belt  are  arranged 
normally  alone  the  belt,  with  the  mean  of  the  normal 
distribution  being  the  point  where  the  primary  LOG  crosses 
the  belt.  Thus  the  tickraarks  along  the  road  networks  in 


i  1  .’ !  1  r  o  s  j  111  j  <  r  I'  |>  r  f  '  I'  n  t  I  li  o  -n  cj  ;i  n  ji  o  I  n  t  s;  for  weapon  sites 
in  eat.,  at  tin-  bells.  The-  weapon  sites  in  any  belt  can  be 
ti,;  )itly  or  loosely  >;rou;jed  about  t  li  e  LOG  by  varying  the 
standard  deviation  of  the  normal  distribution.  While  the 
stand  a r:  deviation  of  the  weapons  fn  the  ffrst  eleven 
belts  in  tnis  e  x  p  i' r  i  r.i  e  n  t  a  r  .■  varied,  t  li  e  AAA  site  in  the 
target  area  Is  kept  relatively  close  to  the  target  with  a 
standard  deviation  ot  only  .25  N'l.  The  1  n  1  1 1  a  1  1  z  a  t  i  on 
subroutine  is  contained  In  lines  3  50  t  h  r  o  u  gli  1010  of  the 
computer  model. 

§.E.'L'l  System  K  n  g  a  g  e  m  e  ii  t  Subroutines  (  Even  t  Nodes 

Eiach  weapon  type  has  its  own  event  node,  regardless 
of  whore  it  is  physically  located  in  tlie  army  area.  These 
event  nodes  first  calculate  the  closest  point  that  the 
aircraft  will  pass  from  each  weapon  site  during  its  run 
(lines  1460  through  1560).  An  aircraft  altitude 

adjust  I  lent  factor  is  then  added  to  account  for  the 
inabil  ity  of  the  pilot  to  precisely  hold  the  nominal 
ingress  altitude  (lines  1570  through  1590).  Subroutine 
PKOBKIL  is  then  called  to  determine  the  Pk  of  each  weapon 
site  in  the  belt;  PROBKIL  assumes  the  weapon  site  has  an 
unobstructed  shot  at  the  aircraft  (line  1610). 

The  next  step  is  to  determine  whether  the  weapon  site 
actually  has  a  clear  shot  at  the  aircraft.  Since  the 
aircraft  altitude  and  the  horizonal  distance  from  the 
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u’l'  a  p  ii  b  i  t  i-  a  r  I-  ;  !i  I  wii  ,  till'  I  ()u  k  -  u  jj  a  ii 1  t-  is  i-  a  s  i  1  y 

,  t  I  I  •  r  I  i  I)  i'  .1  -  It  tilt'  d  i  -i  I  a  11  f  L'  'j  u  b  t  L*  II J  t' d  by  I  ii  e  riii  1  L  1  p,i  t  h 

.111,4  1.'  ,i  t  t!..'  aircraft's  liorlzonal  r.irige  is  subtracted  from 
till'  aircraft  altitude,  an  "equivalent"  look-up  angle  can 
lie  computed.  The  eaui  valent  look-uD  angle  accounts  for 
tile  fact  that  t  ti  e  aircraft  must  be  above  the  altitude 
necessary  to  achieve  a  line -of- sight  by  at  least  the 
dist.ince  sun  tended  by  the  multipath  angle,  for  the  weapon 
site  to  engage  the  aircraft.  It  the  aircraft  In  Figure  5 
were  at  an  altitude  of  12S0  feet.  tor  example.  Its 

eoui valent  altitude  would  be  1000  feet.  The  look-up  angle 
would  be  while  the  equivalent  look-up  angle  would 

be  1.43''.  Once  the  equivalent  look-up  angle  Is 

deter  m  In  Oil.  it  is  tested  against  a  mathematical  expression 
of  the  data  in  Figure  11  to  determine  the  probability  that 
the  site  is  blocked  bv  terrain.  A  random  draw  Is  then 
made  to  determine  whether  the  weapon  site  was  actually 
blocked.  If  so.  Pk  is  set  equal  to  zero;  if  not,  the  Pk 
is  as  determined  in  the  PROSKI L  subroutine.  These  steps 
are  accomplished  in  lines  1630  through  1800  of  the  model. 

If  the  weaoon  site  is  determined  to  have  a  shot  at 
the  aircraft,  the  model  checks  to  see  whether  the  site  is 
already  engaged  with  an  earlier  aircraft  (lines  1820 
through  1910).  Once  the  model  has  determined  which  sites 
have  an  opportunity  to  engage  the  aircraft  and  are  not 
already  tied  up  with  another  aircraft,  subroutine  SORT  is 
called  (line  1930).  This  subroutine  (lines  2550  through 
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.02 

t  o  b  e  all 

o  V  e  d  to 

1  i 

re  ,  wh 

ilc  the  top 

five  AAA  sites 

can 

fire  at  any 

aircraf  t 

within 

tiiolr  lethal  envelopes. 

a  s 

discussed 

in  t  li e 

Co 

mm and  , 

Co  n  t  r  o  1  , 

and  Communications 

p  0  r  t  i  o  n  o  i 

Chapter  II. 

Missile  .sites  which  are  allowed  to  fire  at  the 
aircraft  arc  then  tied  up  and  placed  on  the  event 
calendar;  ttiey  are  released  and  permitted  to  engage 
another  aircraft  at  the  end  of  a  time  period  equal  to  the 
sun  of  their  track/fire  tirio,  flyout  time,  confounding 
delay,  and  ar<iulsitlon  time.  AAA  sites  are  treated  In  the 
same  manner,  except  tliat  their  tie-up  time  is  the  sum  of 
only  the  track/fire  time  and  the  confounding  delay,  as 
discussed  in  Chapter  II.  These  steps  are  accomplished  in 
lines  2100  through  2240  and  lines  2340  through  2530  of  the 
program. 

Finally,  tlie  model  determines  which  weapon  sites 
actually  achieve  a  kill  by  comparing  a  number  obtained 
from  a  random  drawing  to  the  Pk  determined  in  the  PROBKIL 
subroutine.  If  the  aircraft  is  killed,  ATRIB(7)  is  set 
equal  to  one,  and  the  aircraft  is  terminated  in  the 
network.  These  steps  are  accomplished  In  linos  2260 
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of  Kill  Su  t:  routine 


C  r  o  u  ?  !  1  ') 


I’  r  o  b  a  o  i  1  it  y 


I 

his  subsection  discuss 

t*  s 

the  probability 

o  f 

kill 

r  a  L  c  u  1 

.11  ions  for  the  AAA,  a 

rul 

it  discusses 

t  ii  e 

SA.-l-T 

as  a 

r  e  p  r  e  s 

e  n  t  a  t  i  o  S  A  M  s  y  s  t  e  i  i  . 

riit 

t:iethod  used 

1  s 

the 

same 

for  all  S  AH  systems. 

Tt'.e  AAA  portion  of  the  PH.0”K1L  subroutine  first 
determines  wfiether  tfie  aircraft  is  within  range.  If  so, 
tlie  subroutine  then  determines  the  number  of  "g"s  on  the 
aircrait.  Because  of  the  liigli  density  of  AAA  sites  in  the 
front  four  AAA  belts,  tlie  pilot  is  assumed  to  begin 
jinking  man<!u.'crs  approaching  the  FEB  A.  The  purpose  of 
jinking  Is  to  defeat  the  tracking  capability  of  the  AAA; 
this  is  ac  c  onp  1  i  sli  ed  by  making  a  series  of  random  turns, 
riie  pilot  will  have  an  average  of  2  "g"s  on  the  aircraft 
while  performing  tlie  jinking  maneuvers,  and  he  will 
continue  jinking  until  he  is  one  minute  past  the  FEBA.  He 
will  then  maintain  an  average  of  1.3  "g"s  in  wings  level, 
terrain  following  flight,  until  reaching  the  target  area. 
In  tfie  target  area  he  will  maintain  an  average  of  3  "g"8 
while  delivering  his  ordnance.  Unce  the  "g"  loading  is 
determined,  tlie  intercept  range  is  computed  in  accordance 
with  Figure  10  of  Chapter  II.  Finally,  the  amount  of  time 
the  gun  will  be  tied  up  Is  calculated.  These  steps  are 


shown  in  lines  3230  through  3A30  of  the  model. 


.'ill'  SA:i-U  portiur.  of  the  PROiJXIL  subroutine  first 
looks  at  the  lateral  range  of  the  aircraft  from  Llie  site. 
11  the  range  is  le.ss  than  or  equal  to  .25  NM,  the  Pk's  are 
aaslgiie.i  according  to  Table  VI.  It  tl>e  range  is  between 
.25  and  1.1  .'M,  Pk  Is  set  equal  to  zero  and  no  shot  is 
taken.  The.se  steps  are  shown  in  lines  3520  through  3680 
oi  ttie  program.  If  the  range  is  between  1.1  and  6.5  NM, 
tlie  point  of  Intercept  must  be  found.  The  point  at  which 
tne  aircraft  is  picked  up  by  the  tracking  radar  la 
determined  in  lines  3840  tli  rough  3990,  while  the  point  at 
wliich  the  aircraft  is  lost  by  the  tracking  radar  la 
determined  in  lines  4000  through  4060.  If  the  missile 
site  is  able  to  Intercept  tiie  aircraft  prior  to  the  time 
the  aircraft  reaches  the  9o'’  aspect  point,  the  site  delays 
its  .shot  so  that  the  intercept  will  occur  at  the  90° 
aspect,  to  maximize  the  Pk .  If  the  site  is  able  to 
Intercept  the  aircraft  within  the  lethal  envelope,  but  not 
at  or  prior  to  the  90°  aspect  point,  it  will  fire  as  soon 
as  it  is  able.  If  it  cannot  Intercept  the  aircraft  within 
the  lethal  envelope,  it  will  not  fire.  These 
determinations  arc  made  in  lines  4070  through  4140.  The 
Pk  of  the  missile  shot  and  the  tie  up  time  of  the  missile 
are  then  computed  in  lines  4070  through  4140  of  the 


program. 


■  *  \  i  ”12.  ™  211 t  i  o  a 

lhi>  ro  Hi  pater  simulation  model  described  in  this 
chapter  allows  a  number  of  factors  to  be  varied  in  the 
night  interdiction  study.  liie  specific  factors  used  In 
the  experiment,  and  manner  in  which  these  factors  were 
allowf.'l  to  vary  and  Interact,  are  described  In  the  next 
c  h  a  p  t  ti  r  . 
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IV 


Data  Collection 


>U'  a  s  u  r  e  of  Merit 

In  tills  thiisis,  a  squadron  level  of  twenty  aircraft 
was  put  through  the  system  In  each  simulation  run.  The 
measure  of  merit  is  the  number  of  aircraft  that  survive 
each  run. 


D^e  terminat  ion 


The  required  number  of  replications  was  determined  by 
performing  a  trial  experiment  of  five  simulation  runs  with 
each  factor  set  at  level  one.  The  results  of  the  trial 
experiment  were  as  shown  below: 


Run  Number 
1 
2 

3 

4 

5 


Aircraft  Survived 
10 
1  2 
1  2 
1  2 
1  7 


The  objective  was  to  be  at  least  957.  confident  that  the 
sample  mean  would  be  within  one  aircraft  of  the  true  mean. 
To  determine  the  number  of  runs  required  to  achieve  thla 
level  of  accuracy,  Stein's  method  (Ref  5:482)  was  used. 
The  minimum  number  of  runs  required  to  achieve  the  desired 
level  of  accuracy  is  computed  by  the  formula: 


54 


n  . 
m  i  w 


'1 

S“ 


i\  -  III  ini  Li  urn  n  umber  of  simulation  runs  required, 

min 

r  *  laaxlnun  units  wrong  allowable. 

1 

d  =  estimate  of  variance  obtained  in  the  trial 
expe  riment . 

a  t  2 

t  *  tabulated  t  statistic  for  the  (1  -u) 

n-1  confidence  level  with  (n-1)  degrees  of  freedom 
in  the  trial  experiment* 

I'or  the  trial  experiment, 

.025 
^4  ■> 

n  «  — i-  8“  -  (2  .  776/  1  )  (6.  3)  -  1  8.9  19 

win  '■ 


Based  on  this  result,  it  was  decided  that  five 
renlicatlon.s  of  each  cell  would  be  adeauate.  As  will  be 
shown  in  Chanter  V.  this  results  in  20  or  more 
observations  for  all  main  effects,  two-wav  interactions, 
and  three-wav  interactions  of  the  exoerlmental  factors. 


Exnerimental  D  e  s 1 g  n 


To  ouantifv  a  solution  to  the  or obi era  statement  of 
this  thesis,  it  was  necessary  to  design  an  exoerlraent  that 
would  provide  enough  data  about  the  problem  to  allow  valid 
inferences  to  be  drawn  about  the  system  behavior.  The 
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design  provides  a  plan  for  executing  the  experiment  by 
structuring  cite  Inputs  Into  a  logical  pattern,  thereby 
dictating  the  number  of  experimental  trials  required. 
Five  factors  were  considered  necessary  and  sufficient: 

1 .  Speed  of  the  fighter. 

2.  Altitude,  of  tiie  fig  liter. 

3.  Arrival  rate  of  figiiti'rs  (saturation  of  defensi 

1  L  w  i  r  K  )  . 

4 .  L  0  C  network  . 

3.  St  an, lard  deviation  of  defensive  sites  along 
belts. 

■file  first  factor,  speed,  is  set  at  two  levels:  480 

knots  and  340  knots.  '.iotli  levels  are  compatible  with  the 
capabilities  of  the  fighter  and  represent  tlie  airspeeds 
that  would  most  iikeiy  be  flown  on  an  actual  combat 
prof  i  1 e . 

Altitude  is  considered  at  three  levels:  1000  feet. 
500  feet,  and  230  feet  AGL.  Level  one  (1000  feet) 
represents  the  minimum  altitude  at  which  an  aircraft  not 
equipped  with  a  FLIU  could  fly  tlie  night  mission.  Level 
two  (500  feet)  represents  the  altitude  at  which  the 
mission  could  be  flown  by  an  aircraft  with  a  FLIR  with 
moderate  resolution,  wliile  level  three  (250  feet)  Is  the 
altitude  at  which  the  mission  could  be  flown  by  an 
aircraft  enoloylnE  a  filEh  resolution  FLIR. 

The  third  factor,  saturation.  has  two  levels.  At 
level  one,  the  arrival  interval  Is  exponential  with  a  mean 
of  30  seconds,  while  at  level  two,  arrivals  occur  every 
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defensive 
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the  belt-  At 

level 

one  , 
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are  relatively 

spread  out,  with 
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NN  ; 
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level  two,  they  are  more  tlt*. htly  clustered  along  the  road 
network,  with  O  »  3.0  NM. 

The  factors  and  levels  are  summarized  in  Table  XI. 
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I  o  r  s 


.1  :ul  levels  to  b  f  A  n  a  1  y  z  <•  ci  in  the  b  x  p  e  r  i  i.i  e  n  t 


l.l  Vtl, 


F  A  l'  i  O 

1 

1 

2 

3 

Speed 

f  ■ -  1 

480  knots 

540  knots 

-- 

A  1  t  i  t  u  d  e 

1000ft 

500  ft 

250  ft 

Saturation 

e  X  [)  o  n  (  -  b  min) 

!  ''  ,n  1  n 

(  1  n  1  e  r  V  a  1  b  e  t  w  i-  o  n 

a  c i t  arrivals) 

Mean  Point  o  f 

road  net  1 

road  net  2 

I)  e  £  e  n  s  e  s 

(  no  t  o  ve  r  LOG  ) 

(over  LOG  ) 

oi  befonse'i 

6.25  NM 

3.0  NM 

-- 

A  lull  tactoriaL  design  was  used  for  this  experiment« 
Tliat  is  to  say,  the  model  was  run  with  every  Dosslble 
combination  of  tlie  factors  and  levels.  This  allowed 
identification  and  interDretation  of  factor  interactions. 
Furthermore,  the  effect  of  each  factor  is  estimated  at 
several  levels  of  the  other  factors,  and  thus  the 
conclusions  reached  hold  over  a  wide  range  of  conditions. 
A  t  o  t  .1  I  of 


A 

(2)  (3)  «  43 


cell 

s 

-rfc  r  e 

analyzed  . 

Using 

five 

replications  of 

each 

cell 

» 

a  s 

d  Iscussed 

1 n  Samp  1 e 

Size 

Determination,  a 

total 

of  2 

40 

simulation  runs  was 

required. 

These  runs  were 

made 

1  n 

blocks 

of  sixty. 

with 

the 

levels  for  the  road  network 

V 


D,i  t  .1  All  n  1  vs  1  s 


I'.it.i  aa.ilvsis  was  a  c  c  d a  1  i  s 'i  c  ^1  in  luir  u  h  n  s  i;  s  .  Ttie 
1  i  r  s  I  1)  h  ,1  s  was  i  f  i  -  w  ,i  v  a  n  a  1  y  s  i  ;>  of  v  a  r  i  a  n  c  f  (  A  N  0  VA  ) 
u  a  L  n  V,  tiie  Statistical  i'acSa;',t!  for  tlie  Social  Sciences 
(Sl’SS).  lais  uutiMit.  alone  witli  in  out  data  showing  tile 
number  of  aircraft  siir.'ived  in  eacli  run.  is  listed  in 
Anncndix  K.  The  second  ui.aae  was  a  f  ivi*-w,iv  ANOVA  with 
a  1  t  i  t  n  a  e  level  three  o  i.i  1  r  t  e  d  ;  the  o  ii  t  o  u  t  of  t  ti  i  s  analysis 
is  also  found  in  Annendix  11.  The  third  ohase  was  two 
four -wav  ANOVA  runs  with  si  cm a  held  constant:  this  out  nut 
is  listed  in  Aonendlx  F.  The  fourth  phase  was  a  four-way 
ANdVA  using  only  the  four  factors  that  were  found  to  be 
significant  in  the  five-way  ANOVA.  This  output  is  listed 
in  Appendix  (1. 

F i V  e - W  a  V  ANOVA 

This  test  showed  that  four  of  the  five  main  effects 
(road  network,  aircraft  arrival  rate,  aircraft  altitude, 
and  the  standard  deviation  of  the  defenses)  were 

significant  using  an  alp 'a  a  of  .05.  One  main  effect, 

aircraft  velocity,  was  found  to  be  statistically 
Insignificant.  Four  of  the  two-way  interactions  were 
found  to  be  significant,  while  the  remaining  six  were  not. 
None  of  the  three-,  four-,  or  five-way  interactions  were 
slgnlf leant  . 
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....  r  e  s  i  a  a  j  1  t.  c  i  r  ;i .» .1  .  ■  >  i  l-  t  !i  ii  ii  I  u  u  r  t  i  i;.  c  ;;  s  n  ,i  n  v 

1  e  »■.  r  .  s  I  ■  t  I  r  i-  fd  t):n  it  s  t  it  (.■  x  p  1  a  i  n  <•  <1  v  n  r  i  t  i  o  n  t  t*  r  ;n  . 
;  .1  d  i  I  .  t  1  t’  th.it.  .■  ;i  ('  '1  .■  ii  d  .t  t  .i  i>  i  ii  I  s  u  i-  r  p  a  v  a  i  1  a  b  J  e  to 

,  roi'.ai  .  ,1  I.  i  11  h  dof.rfi-  ol  coni  i  d  e  n  c  o  i  ti  liie  r  o  s  u  1  t  B  . 

■I  a  1  n  i;  t  t  i‘  c  t  s  .  Till'  o  ii  1  v  n  a  i  n  p  t  f  c  c  t  found  to  be 
t  a  L  i  :  t.  t  (■  .  i  1  !  V  i  n  s  i  i  1  !  c  a  ii  I  w  .i  s  the  it  i  r  c  r  a  £  t  v  e  1  o  c  1 1  v  • 

I  a  i  s  r  I  s  II  1  t  i  .s  not  ii  n  e  x  o  i;  c  t  o  d  .  s  1  n  r  f  1 1/  f  two  levels  of 

e  1  i)  c  i  t  V  (■  o  n  s  i  li  e  r  e  J  i  ti  t  li  e  node]  are  fairly  close  to  each 
cit'p.  er.  Th('  s  t /i  t  i  s  t  i  <  .1 1  i  n  .e  i  i>,  n  i  f  i  c  a  n  r  c  of  velocity  in  tfie 


o  d  e  1  m  i‘  a  n  s 

that  the 

vain  e 

o  f 

i  n  t:  r  a  ^ 

>  1  ne 

the 

fighter's 

1  r  s  t)  iM'd  from 

A  8  0  to  b  4  (f 

knots 

i  s 

small. 

1 1 

i  s 

probably 

not  worth  the  the  s  ti  os  t  a  n  t  1  a  1  fuel  consumption  increase 
that  it  would  require.  lliis  result  should  not  be 
inter  1.  let  etl  to  mean  tnat  airspeed  is  totally  insignificant 
ns  a  factor  in  fighter  survivability.  In  fact,  the 
verification  runs  snowed  that  survivability  against  SAMs 
decre.ised  substantially  when  the  airspeed  was  decreased  to 
bO  knots,  whicii  is  well  below  tlie  levels  considered  in  the 
node!  . 

file  main  effects  found  to  be  statistically 
slgnillcaiit  are  sliown  grapliically  in  Figure  12.  In 
interpreting  this  figure  and  all  subsequent  graphs  in  this 
ctiapter,  it  is  important  to  note  that  the  only  data  points 
are  tlie  aircraft  survival  rates  associated  with  specific 
levels  of  the  factors  listed  at  the  bottom  of  the  graph. 
The  lines  drawn  between  the  points  only  serve  to  emphasize 
change  in  aircraft  survival  between  levels.  The  fact 
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tile 


All  the  ..1.1  in  e  f  I  (' c  t  K  belidved  us  expected.  A  great 
muny  no  re  aircraft  survived  using  road  network  1  than  road 
network  2,  making  the  oovloiis  point  that  the  fighters' 
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; 
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De  t  r  e  a  sing  i 

ti,;  ro 

s  s  altitude  from 

1  OOd  .  ..ot 

h  -.1 

.V  n  to  h 

T  ;  e  t 

il  e  1  |i  e  d  the 

•  I  y, 

h  t  e  r  s  s  o  l  ie  wli  a  t  , 

h  u  i  o  1  u 

fi 

u  o  W  !l  t 

o  JiO  1 

e  e  c  i  ri  r  r  o  a  s  e 

d  1 1. 

e  probability  of 

s  u  r  V  i  V  a  1 

m  u  w- 

ii  r.ui  r  f 

Jr  1  n  a  t  i 

(■  a  1  1  V  -  Kina 

iiy. 

the  fighters' 

p  r  ob  a  b  i  1  i 

t  y 

o  f  s  u  r  .■  i  >■  a  1 

tended  to 

b  e 

higher  when  the 

ileieiiaea  were  uiore  t  i  a  a  t  1  y  )»  rouped,  since  the  probability 
of  ilyinp,  over  a  portion  o  [  terrain  relatively  free  of 
defenses  was  increased  by  tof»centratinf>  the  defenses  Into 
a  small  area.  Tiie  effect  of  O  is  Influenced  sharply, 
however,  by  its  interaction  with  other  factors.  This  will 
be  exiilaiiicd  in  the  next  subsection. 

Two_2.'!i4y.  Interact  tons.  The  following  two-way 

inter. actions  were  found  to  be  statistically  significant: 

1.  Koad  network  vs.  Aircr.'ift  altitude. 

2.  Hoad  network  vs.  a  of  defensive  array. 

1.  Arrival  r.ite  vs.  a  of  defensive  array. 

4.  Aircraft  altitude  vs.  a  of  defensive  array. 

These  interactions  are  discussed  next. 

The  interaction  between  the  road  network  and  aircraft 
altitude  is  not  .in  especially  strong  one.  As  is  seen  In 
the  left  hand  portion  of  Figure  13,  the  advantage  of  road 
network  one  over  road  network  two  is  somewhat  less 


i!  11  r  i  i\ 


t  II  o  ri  d  i  i)  r  (I  o  r  t  i  o  ii  of  l  c 


IP  1  s  b  1  o  n  ,  and  the  nunber  of 


alrcratt  tii.ii  b  u  r  ^  i  would  he  uxpei  ted  to  decrease  when 
l  U  e  d  i-  1  e  n  s  e  s  .ire  spread  more  w  i  .i  e  I  y  across  the  belts* 
When  road  mtwork.  Luo  Is  use.!,  on  the  o  t  li  e  r  hand,  the 
:i,, liters  are  close  to  tin*  LOC  ,  and  tiie  nunber  that  survive 


w  u  u  i  J  be  e  X  [1  e 

c  t  e  d 

to  increase  .i  s  tiie 

standard  deviation  Is 

i  n  c  r  e  ii  s  a  . 

F  i  g  u  r 

e  1  A 

s  h  .)w  s  t  li  a  t 

L  ii  e  s  e 

two 

factors 

i  a  t  e  r  cl  i:  t  as 

i.“  X  p  e 

c  t  e  d  . 

Tin-  r  i  g  li  t 

li  a  11  d 

portion 

of  this 

y,  r  a  p  li  shows  t 

11  a  t  , 

wli  e  11 

road  network 

one  is 

used. 

survival 

rates  Increase  as  sl^ioa  .s  reduced,  while  when  road 
network  two  is  used,  survival  rates  decrease  as  sigma  Is 
reduced . 

Figure  15  shows  that  the  degree  to  which  the 
defensive  sites  are  spread  out  across  the  belts  has 
virtually  no  effect  on  aircraft  survivability  when  the 
defenses  are  saturated  by  incoming  aircraft;  note  the 
nearly  horlzonal  line  associated  with  the  exponential 
arrival  rate  on  the  right  liand  side  of  the  graph. 
Tightening  the  defenses  lias  a  positive  effect  on 
survivability  when  arrivals  are  too  far  apart  to  saturate 
the  defenses,  however,  as  shown  by  the  upward  sloping  line 
associated  with  the  10  minute  arrival  Interval.  Because 
the  aircraft  enter  in  a  narrow  corridor,  the  first 
aircraft  tlirough  the  network  will  tie  up  most,  if  not  all, 
of  the  guns  within  range,  regardless  of  the  density  of  the 
defenses  near  the  corridor.  As  a  result,  relatively  few 
defensive  sites  are  able  to  shoot  at  subsequent  aircraft 
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Figure  15.  Interaction  lietween  Aircraft  Arrival 
Kate  aiiU  Standard  Deviation  of  Defensive  Array 


in  til  the  weapon  sites  are  released.  The  effect  of  the 
standard  deviation  of  the  defensive  array  is  thus 
nullified  for  a  large  nuiaber  of  the  Incoming  aircraft  when 
the  defensive  array  is  saturated.  When  the  defenses  are 
not  saturated,  on  the  other  hand,  the  standard  deviation 
of  the  defensive  array  influences  the  system  in  the  same 
manner  that  it  influenced  it  as  a  main  effect. 
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Figure  16.  Interaction  Between  Aircraft  Altitude 
and  Standard  Deviation  of  the  Defensive  array 


Figure  16  shows  that  survivability  is  higher  at  an 
ingress  altitude  of  250  feet  than  it  is  at  an  altitude  of 
500  or  1000  feet,  regardless  of  the  degree  to  which  •'he 
defenses  are  spread  out;  note  tlie  upper  line  on  e  '^it 
hand  side  of  the  graph.  At  an  ingress  altitude  of  250 
feet,  tightening  the  distribution  of  the  defensive  array 
tends  to  decrease  aircraft  survivability,  while  at  500  and 
1000  feet.  It  tends  to  increase  survivability.  This 
concept  is  illustrated  by  the  fact  that  the  250  foot  line 


li  a  s 


a  downward 


s  1  o  pt- ,  wli  i  I  •*  till’  )(■()  and  1  000  foot  lines 


slope  u  p  w  a  r  d  .  Another  1  n  t  e  r  e  a  t  1  n  feature  is  that  when 
the  v'.e  tenses  arc  spread  out,  with  sip,  ir.a  equal  to  0.25  NM  , 
survivability  is  clearly  hi;;  her  at  500  feet  than  at  1000 
I  e  e  t  ,  w  1 1  1  1  e  when  t  li  e  y  are  more  t  i  a  |i  t  1  y  clustered,  with 
sii;.’ia  I'-jual  to  3.0  Nil,  there  is  virtually  no  difference  In 
s  II  r  V  i  .•  .1 ',)  i  1  i  t  y  between  the  two  altitudes.  This  concept  is 
illustrated  by  the  two  lower  lines  in  the  figure;  an 
avera/.  e  of  two  more  aircraft  survive  at  500  feet  than  at 
1000  feet  when  sigma  is  set  at  0.25  MM,  while  the  average 
survival  rates  are  nearly  equal  wltii  sigma  set  at  3.0  NM . 

F  i  V  e  -  w  a  V  AND  VA  with  A  .1  t  i  t  u  d  e  Level  Three  Om  1 1 1  ed  . 

Because  an  altitude  decrease  from  500  feet  down  to 
250  leet  had  a  considerably  larger  effect  on  the  model's 
output  than  a  decrease  from  1000  feet  to  500  feet,  a 
five-way  ANOVA  which  looked  only  at  simulation  runs  with 
ingress  altitudes  of  500  feet  and  1000  feet  was  performed. 
Ingress  altitude  was  still  a  statistically  significant 
factor  when  only  these  levels  were  considered,  but  it  was 
considerably  less  significant  than  it  was  when  all  three 
levels  were  Included  In  the  data  base.  Furthermore,  the 
interaction  between  Ingress  altitude  and  the  standard 
deviation  of  the  defensive  network,  while  still 
significant,  was  less  significant  than  It  was  when  the 
altitude  was  considered  at  all  three  levels.  The 

interaction  between  the  road  network  and  aircraft  altitude 


o  1.  a  .  statistically  i  n  s  i  n  I  f  i  c  a  n  t  . 


;  .  ur-l.'ay  A  N  0  A  lli^r.a  lie  I  J  Co  n  a  taut  . 

)  c  c  a  u  s  c  s  i  ^  rn  a  was  a  player  i  u  three  of  the  four 

s  i  /  a  i  1  i  c  a  a  t  i  ii  t  «  r  a  c  c  i  o  n  s  In  the  f  i  .f  e  -  w  a  y  A  W  0  V  A  ,  additional 

AN  uVA  runs  were  Made  with  sit<ina  held  constant  at  each  of 
Its  two  lev/els- 

In  the  first  run,  sigma  was  held  constant  at  level 

one  (0.25  NM);  tiiat  is,  all  observations  In  which  sigma 

was  set  at  le.'el  two  (3-0  Nil)  were  disregarded.  This  run 
provided  some  Interesting  information.  The  road  network, 
aircraft  arrival  rate,  and  aircraft  altitude  remained 
statistically  significant  factors,  and  aircraft  velocity 
remained  statistically  insignificant.  None  of  the  two-, 
three-,  or  four-way  Interactions,  however,  were 

significant.  This  implies  that  all  tlie  interactions  of 
the  variables  were  occuring  when  sigma  equalled  3.0  (sites 
tightly  bunched). 

In  the  second  run,  sigma  was  held  constant  at  level 
two  (3.0  NM).  The  main  effects  were  unchanged  from  the 
previous  ANOVA  runs.  The  following  t  wo-wa  y  interactions 
were  statistically  significant: 

1.  Road  network  vs.  Aircraft  arrival  rate. 

2.  Road  network  vs.  Aircraft  altitude. 

None  of  the  three-  or  four-way  interactions  were 


significant. 


altitude  was  explained  In  the  discussion  of  the  five-way 
AiNOVA  results.  This  interaction  is  raore  slt'niflcant  wtien 


d  p  ;■)  r  o  X  1  a  t  e  1  y  one  noro  a  i  r  c:  t  ,i  f  t  survives  by  changing  from 
a  10  niinute  interval  to  Ltie  e  x  |)0  ii  e  ii  t  i  a  I  arrival  rate  with 
road  network  on. e,  wliile  .approximately  two  more  aircraft 
survive  when  the  same  cliange  is  made  with  road  network 
two.  I’ll  is  relatlousliip  is  explained  by  the  fact  that  the 
number  of  aircraft  that  survive  using  road  network  one  is 
much  Higher  than  t  tie  number  tliat  survive  using  road 
network  two,  r eg  aril  ess  of  the  aircraft  arrival  rate, 
riiis  .i.iKes  the  benefit  of  .saturating  the  defenses  less 
dramatic  w  i  t  ii  road  network  one  than  with  road  network  two. 
This  interaction  becomes  s  .tic  ally  significant  only 

wile  a  s  i  y  i.i  a  is  lie  Id  constant  at  3.0  NM  because  the  number 
of  aircraft  tliat  survive  increases  dramatically  using  a 
c  or.i  b  i  11  ri  c  i  o  n  ot  network  one  and  sigma  equal  to  3.0  NM  , 
regardless  of  tlie  levels  of  other  factors. 

F  o  u  r  - a  y  A^OVA  w  1 1  it  A1  rspeed  Excl  uded 

Because  alrsfieed  w.as  found  to  be  statistically 
Insignificant  in  tlio  five-way  ANOVA  runs,  a  four-way  ANOVA 
was  accomp  1 1  .shed  with  airspeed  excluded  as  a  factor.  The 
results  were  the  same  as  the  results  of  the  original 
five-way  AN0V.\.  The  elimination  of  one  factor,  however, 
doubled  the  number  of  observations  in  each  cell.  The 
close  acrpi*mpnf  of  rh(‘  four  —  w.av  ANOVA  results  and  the 
fIve-wav  AN^V^  result*?  thus  nrovIrleH  a  h  i  t>  h  deeree  of 
confifle  nee  thaf  five  observations  in  each  cell  was 
adeauate  to  achieve  accurate  results. 


JF'Vl 


VI  Tiio  Va  1  i  J  .1 1  i  o  :i  I’roiess 


la 


Valt<iatif)ii  Is  t!io  process  of  developing  confidence  in 
the  r.i  Cl  d  e  i  '  s  ability  to  accurately  draw  Inferences  about 

tiic  tru.‘  belia.lor  of  tne  systeiii.  Sliannon  divides  the 

validation  process  into  three  categories; 

1.  Verification  -  insuring  that  the  model  behaves  as 
it  was  intended  to  behave. 

d.  Validation  -  testing  the  agreement  between  the 

behavior  of  the  model  and  that  of  the  real 

system. 

3.  Problem  analysis  -  the  drawing  of  statistically 
significant  inferences  from  the  data  generated  bv 
the  comouter  model  (kef  8:30). 

The  third  asoect  (if  the  validation  orocess.  oroblem 
analysis,  was  dl.s  cussed  in  detail  in  the  nrevinus  chaotcr. 
This  chanter  addresses  the  first  two  processes  - 
verification  and  validation. 

Ve  r i f i c  a  t  ion 

Three  categories  of  tests  were  performed  to  verify 
the  Internal  consistency  of  the  model.  They  are  listed 
below ; 

1.  Statistical  testing  to  determine  whether 

distributions  used  in  the  model  behaved  properly. 

2.  Monitoring  of  activities  and  computations  to 
verify  that  they  performed  as  desired. 

3.  Testing  the  factors  at  their  extremes  to  assure 
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tiiut.  results  were  1  u,^  i  e  a  1  w  i  t  n  i  ii  the  frame  work  of 

the  i;-  o  c  e  1  - 

The  s  p  e  <  i  f  i  e  testing;  a  c  c  oiii  p  1  i  s  ii  e  J  i  a  t  u  e  verification 

process  is  Uiscussed  below. 

A  i  r  (  r  a  f  t  Arrival  T  i  inu  s  .  K  o  r  runs  specifying  arrivals 

spaced  1  J  ill  i  n  u  t  e  s  <ipart,  the  arrival  times  at  the  first 

AAA  belt  were  checked;  all  arrivals  were  spaced  correctly. 

To  cheek  that  the  exponentially  distributed  arrivals 


behaved 

properly,  a  sample  o 

f 

3  8  a  r  r 

1  V  a  1  s 

t  imes 

was 

obtain  e  d 

f  r  o  ;i.  two  c  I)  n  s  e  c  u  t  i  V 

4* 

runs 

() 

f  the 

mode  1 

(20 

a  i  r  c  r  a  1  t 

arrivals  per  run  with 

the 

first 

a  r  r  1  v  a  1 

a  t 

time 

zero)  . 

T  n  e  3  8  data  point 

b 

were 

a 

n  a  1  y  z  e  d 

using  a 

C  h  i  -  S  q  u  a 

re  C<'odness  ol  Fit  Test 

• 

The 

hyp 

o  t  li  e  s  e  s 

for 

this 

test  are  s  i  i  o  w  n  below; 

d  :  The  '!  8  arrival  1  n  t  e  r  v  a  1  s  are  from  an  exponential 
(  .  I  minutes)  d  i  t  r  1  o  u  t  i  o  n  . 

h  I :  The  arrival  intervals  are  not  Iron  an  exponential 
( . 5  minutes)  distribution. 

the  null  hypothesis  could  not  be  rejected  by  this  test, 
using  an  alpha  of  .O').  Th  i  ;s  led  to  the  conclusion  that 
the  arrival  rates  came  from  the  desired  distribution.  The 
results  of  the  test  are  shown  in  Appendix  II. 

Ulstrlbut  Ion  oj^  n  e  f  e  n  s  1  e  Site  3^  The  first  part  of 
this  analysis  was  to  verify  that  none  of  the  defensl'e 


sites 

fell  outside 

the  1 

1  m  i  t  s 

o  f 

-13. 

5  NM 

to  +13.5  NM. 

After 

this  was  verified 

,  t  wo 

s  am 

p  J  e 

AAA  b  e  1 

t  s ,  one  with  a 

standard  deviation 

o  f 

6.25 

NM 

and 

the 

other  with  a 

standard  deviation  of  3.0  N.M  ,  were  tested  using 
Kolmogorov -Smirnov  tests.  For  the  AAA  belt  with  a 
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sijin.ijrii  .1 V  i  a  i  1  o  II  o  1'  6.2  5  NM,  tiie  liypo  theses  lor  the  test 
were  as  shown  below: 

;  The  AAA  sites  come  f  rom  a  normal  distribution 
with  a  standard  deviation  oi  6.25  NM. 

Hj  ;  The  AAA  sites  do  not  come  from  a  normal 

distiibution  with  a  standard  deviation  of  6.25  NM. 

For  tlie  AAA  belt  with  a  standard  deviation  of  3.0  NM, 
tne  hypotheses  for  tiie  test  were  the  same,  with  the 
exception  ot  replacing  6.25  with  3-0.  In  botli  cases,  the 
null  hvDothesis  could  not  be  rejected  using  an  alpha  of 
•05.  This  led  to  the  conclusion  that  the  defensive  sites 
were  distributed  as  desired.  Both  tests  are  described  in 
detail  in  Appendix  il. 

Probabilities  o  i  Kill.  This  part  of  tiie  verification 
process  .'naly/ed  tiie  t  -  .’t  the  model  to  determine  at 

w  I;  a  t  point  an  a  i  r  c  r  a  t  t  (  o  u  1  d  he  p  i  i  k  e  d  n  ;>  by  a  weapon 
system's  tracking  radar,  and  then  compute  an  accurtlte 
p  r  o  il  a  b  i  1  i  t  y  >1  Kill  based  on  the  aircraft's  position  at 
tbe  ti':u’  ot  intercept  u/  tiie  missile  or  bullets.  All  five 
Weapon  s  y  s  t  e ■  in  tbe  model  were  analysed,  and  the  results 
calculated  tj  y  the  model  were  found  to  be  consistent  with 
those  r  j  1  e  n  1  .1  t  e  il  by  band.  Two  examples  of  the 

calculations  in  this  p  .a  r  t  of  ttie  verification  process  are 
shown  in  Appendix  1. 

T  i  e  -  U  p  Times  o  f  W  e  a  [>  o  n  Systems.  The  first  step  in 
this  phase  was  to  insure  tliat  only  those  SAMs  having  a 
probability  of  kill  of  .02  or  above  were  allowed  to  shoot 
at  an  aircraft.  After  tills  was  verified,  the  tle-un  times 
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ot  t  ti  L'  WL-a;)on  systoi.is  ui^re  ciifcKc-d  to  insure  that  they 
roll  within  the  correct  raiij;i*.  Next,  tied-up  weapon  sites 
wore  i:ionitored  to  Insure  tii.it  they  did  not  shoot  at 
subse4ULMit  aircraft  until  .liter  tiieir  scheduled  release 
t  i  i;  e  .  1  i  n  a  1  1  y  ,  the  weapon  s  i  t  e  .s  we>  r  e  w  o  n  i  t  o  r  e  d  to  verify 

t  h  .1 1  t  ii  e  y  a  i  t  u  a  1  1  \  released  at  the  scheduled  times.  All 

of  I  h  .>  s  e  c  e'  n  c  e  p  t  s  are  i  1  1  u  s  t  r  a  L  i-  tl  by  the  sample  computer 

output  shown  In  Appendix  J. 

ie.'^tiuii  the  Riedel  at  jjs  ivxtremes.  lUi  r  1  ug  this  phase 
of  the  «■  e  r  i  t  i  c  a  t  i  >1 11  p  r  o  c  s  ,  the  model  was  tested  with 

certain  lactors  act  well  heyoiid  the  limits  studied  In  the 


e  X  p  e  r  i  tn  e  n  c  . 

•All  behaved  as 

expect  e  d 

• 

Wh 

e  n  the 

aircraf  t 

velocity  was 

set  at  hi)  knots. 

for  i'  X  ;i  111 

p  1 

V  * 

missile  kills 

went  up  dramatically,  when 

it  was  s 

e  t 

j  t 

10  0  0 

knots,  no 

missile  kills 

were  recorded. 

When  til  e 

a  i  r 

c  r  .<  f  t 

altitude 

was  .set  at 

zero,  no  missile 

kills  .1  n  d 

z  c  r  y  few 

AAA  kills 

were  recorded 

•  The  model  was 

not  run 

with 

extremely  high 

altitudes,  because  it  is  not  designed  to  reliably  handle 
tliei.i.  l.’hen  t  li  o  s.aturatlon  o  t  the  defi-nsi.-e  array  was 
increased  by  rtducliii;  the  me. in  time  ot  the  exponential 
arrival.s  to  .1  minutes,  aircraft  survival  increased 
substantially.  Tlie  opposite  extreme  is  already  tested  in 

the  expe  rime  lit,  since  tfierc  is  no  saturation  of  the 
defenses  with  a  10  minute  arrival  interval. 
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'v  >1  1  id.il 


.<  II 


fill'  vail. 

lilt  i  (Mi 

a  1  fort 

e  entered  p  r  1 

iii  .1  r  i 

1 y  around 

s  t  a  -1  I  1  .11  1  np 

t  a  c  f 

.•  i.  t  i  il  i  t ;; 

'  •  n.  e  p  r  i  in  a 

ry 

vehicle  In 

1  i  1  i'  V  i  n  p  t  !i  i  s 

a  i  i:‘i  w*i 

1  .'i  a  Turi 

n.p,  test.  Tb  e 

t  e  i> 

t  consists 

'  :  ;  i  ii  d  i  II ji  i-  ii  ,i  1  o  >.;,()  .»  r  <-■  <•  .>4 1'.  !■  r  t  s  in  t  n  e  system  being 

i.in  .!  e  1  I'  i  ,  p  r  »■  s  ('  n  I  1  II t  n  i' m  w  1  r  b  sets  i) !  1  n  p  u  t  -  o  u  t  p  u  t  data 

rriiiii  ti.i'  r  e  .1  i  system  ano  i'ltier  setj  of  data  from  the 

.■.e,.el,  iiiil  tin'll  e.skln>',  tiici.i  t  d  i  (  1  e  r  »•  n  t  i  a  t  e  between  the 
tv...'  s  i  i  ,i  ti  t  data  (  d.'  f  .d  ;  J  rt  ■  )  .  ii  e  c  .i  a  se  t  li  e  system  in  the 

.1  e  j  >'  1  II  a  .'i  n  e  '.'  e  I  i.  e  e  n  listed  in  t  ii  e  real  u  n  r  I  J  ,  the  test 

was  : ,  ij '  i  t  f  i  e  il  s  L  i  g  i  1 1  1  .  "!  1 1 . '  o  x  p  i  r  i  s  were  g  1  'g  e  n  sets  of 

input  lata,  and  they  wi'rc  tiieii  a  s  k  e  d  to  predict  the 
results  as  the  f.ieiors  rang,  id  n'ger  I  lie  levels  considered 
ill  tile  cnnipiiier  model.  i'lieir  predictions  were  then 

1  ' '  d  p  a  r  e  d  t  o  c  a :.i , '  u  t  e  r  e  ne  r  a  t  <•  d  results. 

It  siiaulJ  be  n  emplia  s  1  zed  at  this  point  that  the 

u  r  ••  1  w'  <1  b  1  1  i  t  y  T  i  p,  ii  r  c  s  d  e  v  e  1  o  p  e  d  by  the  model  are  ordinal 

d.ita,  tiii'y  art'  a  .s  e  l  u  1  only  lor  coiiiparlng  the  'Zarlous 

a  1  t  e  r  M  .1  t  i  .  e  s  I'  a  I  u  .j  t  e  d  a  II  I  .ire  not  intended  t  >  be 

predictors  of  actual  c  1 1  'n  i>  .i  I  s  u  r  /  1  v  a  1  r  .1  t  e  s  •  Nevertheless, 

I  :ian>',  es  in  various  factors  o  i  tlie  experiment  should  change 


till'  o  u  t  f)  u  t  (  a  1 

r  c  ra  f  t  survival) 

i  n 

.1  logical  manner. 

Iv :  1  n  n  all 

till?  factors  wc-  r  e 

set 

at  levels  which 

should 

ii  a  V  e  e  n  li  a  n  c:  e  d 

-s  u  r  V  1  V  .a  h  i  1  i  t  y 

t  he 

most,  the  model 

did  in 

f.act  produce  the  second  highest  number  of  surviving 
aircraft  of  the  48  cells  evaluated.  Specifically,  the 
1  e  ■/  e  1  .s  were: 
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A  1  r  ;;  ,j  f  1-*  l!  -  3  4  0  i-  .1  <■  t  s  , 

I  L  i  t  11(1  (•  -  5  0  ;  .,>0  t  , 

A  r  r  i  .j  1  r  ,1 1 1  =  i  x  p  .1  ii  <■  11 1  i  ,j  1  (  .  5  1  a  u  t  e  d  i  a’  .i  11 )  , 

i>  a  cl  n  i'  I  w  ('  r  ^  1  , 

a  =  0.0 

lilt*  r  i‘  -i  u  1  L  i)  t  5  r  ii  ti  c.  of  2  )  aircraft  o  .a  c  li  were: 

1  ') 

2  ) 

1  9 

2  0 
2  0 


for  a  total  of  9  8  of  lOo  aircraft  survi/lnfi.  The  highest 
numb or  of  su reiving  aircraft  (99)  was  attained  in  a  run  In 
whicli  aircraft  arrived  at  10  minute  intervals  and  all 
other  factors  were  set  as  shown  above. 

Wnen  all  factors  were  set  at  levels  which  should  have 
reduced  survivability  tin-  most,  the  model  produced  the 
lowest  number  of  surviving  aircraft  of  the  48  cells 
e  V  a  1  u  a  t  e  d  .  These  levels;  were: 


Airs  need  ■  48  0  knots. 
Altitude  “  1000  feet. 

Arrival  rate  «  10  minutes. 

Koad  network  2, 


o 


3 . 0  NM 


i'lo  r  s  u  1  t  s  ot  t  h  f  5  runs  wf  r  e  ; 

3 

0 

1 

1 

i 

;  o  r  .1  L  o  t  a  1  of  only  H  a  i  r  r  r  a  t  t  s  u  r  v  1  v  1  n • 

1";  1  L-  r  i' s  n  1  L  s  J  i  c  u  s  SI' d  a  n  o v o  illustrate  t  ri e  model's 

output  at  tun  e  X  t  r  ii:;o  s  o  i  t  ti  e  five  factors.  These 

results,  r  o  u  j)  1  e d  w  i  t  ti  more  p,  r  a d  u a  1  c )i  a n g e  s  in 

s  a  r.'lv  ability  as  the  factors  are  .varied  one  at  a  time,  are 
intuitively  appealing. 

To  furtner  substantiate  tlio  intuitive  appeal  of  the 
au del's  results,  Turinp  tests  were  conducted  with  five 
pilots  and  one  navigiitor.  All  had  extensive  backgrounds 
tn  flp.hter  aircraft.  Three  <>  t  tfie  pilots  had  served  tours 
i  1,  Central  hurupe  and  were  Intimately  familiar  with  the 
terrain  and  threat  array  rcpiesented  by  the  model.  All 
-ix  avreed  tti.it  tin-  model's  output  was  reasonable. 

Once  the  model  was  d  eve  lope  tl  and  validated  and  the 
results  of  the  experiment  collected  and  analyzed,  the  only 
steps  remaining  In  tlie  thesis  were  to  draw  conclusions 
from  tfie  results  and  make  recommendations  based  on  the 
conclusions.  The  conclusions  and  recommendations  are 
presented  in  the  next  chapter. 


V  1  1 


t;  o  II  c  1  a  s  i  o  o  s  ,1  n  J  l<  o  c  o  in  ;n  l“  ii  J  a  t  1  o  ii  s 


rile  oojettive  of  tills  thesis,  as  stated  In  Chapter  I, 
was  to  determine  whetiier  the  increased  capability  of  the 
i  i  11 L  e  r  to  fly  lower  and  faster,  pro,tided  by  the  LANTIRN 
i'l.  IK,  will  Impro.-e  «;  1  n  1  f  i  c  a  ii  t  1  y  its  s  n  r  v  w  ab  1 1  1 1  y  in  the 
ni',  ht  interdiction  role.  The  ton  elusions  are  as  follows: 

1,  The  capability  to  increase  airspeed  does  not 
si>tni£lcantly  increase  survivability. 

A  decrease  in  ingress  altitude  from  1000  to  500 
te(‘t  will  increase  survivability  to  a  minor 
d  e  g  r  o  e  , 

3.  A  further  decrease  in  ingress  altitude  to  230 
feet  will  significantly  improve  the  fighter's 
survivabll ity. 

The  results  of  the  experiment  also  led  to  some 
conclusions  which  do  not  directly  relate  to  the  objectives 
of  tile  thesis  effort.  These  conclusions  are  as  follows: 


1,  The  most  important  single  factor  in  fighter 
survivability  is  the  avoidance  of  heavy 
concentrations  of  anti-aircraft  threats. 

2,  Fighter  survivability  can  be  significantly 
enhanced  by  saturating  the  enemy  defensive 
network, 

J,  The  AAA  is  the  single  greatest  threat  to  a 
figher  flying  a  night  battlefield  air 
Interdiction  mission,  due  primarily  to  the  large 
number  of  them  in  the  army  area, 

4,  The  SAM-D  and  SAM-C  are  also  significant  threats 
In  this  scenario. 

5.  The  SAM-B  and  SAM-A  have  virtually  no  canabllltv 
aealnst  the  fiehter  In  this  scenario. 


82 


H.isi’t!  u  11  thf  above  conclusions,  tlie  folio  wine 

r  e  c  om  n  (■  n  li  a  t  1  o  n  H  are  n a  d  e  : 


1-  Tti.it  every  effort  be  made  to  develop  a  FLIR  of 
hiati  enoui’h  resolution  to  allow  ttie  flRhter  pilot 
to  !lv  tile  mis. s  Ion  at  an  altitude  of  250  feet  or 

o  e  i  o  V  . 

■t.  Tti.it  tactics  emphasize  the  avoidance  of  enemy 
del  ease  a  and  the  use  ot  corridors  to  saturate  Che 
eiieiuy  defensive  network- 

■J.  Tl'. at  our  EC.l  efforts  concentrate  on  defeating  the 
AA.\,  r.A.'-i-lj,  and  SAM-C. 
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VIII  '<  li  c  oiiim  e  1/ J  Ari_.2.s  f  Follow-On  Study 


I.  i  i>  L'  i:i  o  s  i  research  efforts,  this  thesis  was  unable  to 
c  o  v' e  r  all  tiie  aspects  of  the  systeu  studied  or  address  all 
tt.e  iiuestions  that  nee'd  to  be  asked.  bo  me  recommended 
areas  tor  follow-oi\  study  of  the  nl^bt  HAI  survivability 
problem  are  discussed  in  the  following  paragraphs. 

Conclusion  one  in  the  preceding  chapter  was  that  the 
capability  to  increase  airspeed  does  not  significantly 
increase  survivability.  This  conclusion  is  only  valid  for 
tile  airspeeds  studied  in  the  exjieriment  -  480  and  540 
knots.  Further  study  to  determine  a  point  at  which 
airspeed  does  become  significant  would  be  worthwhile, 
especially  in  the  study  of  survivability  of  aircraft 
incapable  of  the  liigh  speeds  considered  in  this 
experiment  . 

Conclusions  two  and  three  stated  that  survivability 
is  increased  as  altitude  is  decreased.  This  research 
effort,  however,  did  not  address  the  problem  of  increased 
risk  of  tiic  aircraft  impacting  the  ground  while  the  pilot 
was  attempting  to  fly  at  the  lower  altitudes.  A  study  of 
the  trade-off  between  the  increased  protection  against 
enemy  defenses  and  the  increased  risk  of  flying  the 
aircraft  into  the  ground  at  the  lower  altitudes  would  be 
worthwhile. 
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It  s  li  c)  u  1  ,! 


this 


!j  f  n  o  t  I '.I  t!iat  the  noJel  .level  oped  in 
Che.sis  t'.in  hi'  easily  ad.ipteii  to  analyze  a  variety  of 

p  r  o  h  i  e  ::i  H  .  It  c  v)  ii  1  d  ,  for  i  n  s  t  a  n  c;  e  ,  serve  as  a  framework 
for  analyzin'  various  jaiir.iin;',  sysre:us  against  a  typical 
.'1  o  V  i  e  t  air  defense  a  r  i'  a  v  .  It  could  also  be  used  to 


vi  e  t  e  r .  1  i  !t  e  t  i ,  i  :.i  p  a  c  t  of  various  routes  of  flight  and 

degrees  of  saturation  of  the  ouemy  defensive  network  in  an 
a  1 1  e  n  p  t  to  d  e  v  e  1  o  p  i ; ,  p  r  o  v  i‘  ti  f  i  >;  h  t  e  r  tactics.  Both  these 
areas  'were  considered  in  tne  experiment,  but  they  were  not 
developed  in  depth.  Furthermore,  the  model  could  serve  as 
a  framework  upon  which  a  model  to  study  the  night  target 
acquisition  process  could  be  developed. 

Finally,  it  should  be  noted  that  the  validity  of  the 
output  of  the  model  might  be  Improved  by  a  more  detailed 
treatment  of  several  areas.  Some  suggestions  are  listed 
below: 


S 


1 


1.  Ttie  output  of  the  jamming  pod  could  be  made 
directional  rather  than  radiating  uniformly  In 
the  hemisphere  beneath  the  aircraft. 

2.  Features  such  as  radar  polarity  and  frequency 
agility  could  be  treated. 

3.  fnemy  acquisition  radars  could  be  expllcitely 
treated . 

4.  A  range  of  J/S  ratios  could  be  considered  In 
modeling  tfie  lock-on  process  of  the  target 
tracking  radars. 

5.  The  elevation  of  the  aircraft  with  respect  to  the 
radar  could  be  considered  in  determining  radar 
cross-sections.  The  model  presently  considers 
only  the  aspect  of  the  aircraft  in  this 
computation  . 

6.  Terrain  could  be  modeled  In  more  detail.  The 


rniiilol  makes  only  o'le  calculation  to  determine 
wn  finer  a  v;iven  weapon  site  is  blocked  by 
terrain.  It  does  not  allow  lor  tlie  case  in  which 
an  aircraft  alternately  passes  behind  terrain 
leatures  and  then  comes  back  Into  Che  radar's 
vie',  as  time  D  r  o  B  r  e  s  s  i-  s  • 

7-  A  i.'l  structure  between  the  aoaulsltion  radars  and 
various  radar-controlled  weapon  systems  could  be 
expllcitelv  modeled. 

rt-  SAM  ‘id  AAA  sites  could  be  eiven  multiple  shots 
at  t  lie  aircraft  if  conditions  appeared  favorable. 

Undoubtedly,  many  more  details  could  be  added  to  the 
model.  but  those  listed  above  are  the  ma1or  ones.  It  is 
not  possible  to  sav  at  this  time  whetlier  incorporation  of 
any.  or  even  all,  of  the  details  listed  above  would 
s  1  a  n  1  f  i  r  an  t  1  V  Imnrnve  the  validity  of  the  model's  oiitnut. 
This  can  only  be  determined  by  actually  addlnc  the 
features  and  observlny  the  re. suits.  The  model  In  Its 
present  form,  however,  acromnllshes  the  niirnose  for  which 
it  was  desiened  with  the  necessary  decree  of  accuracy. 
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Appendix  B 


SLAM  Computer  Model 

In  tlie  model  printed  out  below,  road  network  one  has 
been  used  and  aircraft  arrive  at  an  exponential  rate  with 
a  mean  of  .5  minutes.  The  road  network  can  be  changed  by 
changing  the  input  data  on  lines  260  and  270,  while  the 
arrival  rate  can  be  changed  on  line  A  5 90.  All  other 
factors  are  changed  with  Initialization  cards  placed  prior 
to  the  simulate  cards  in  lines  5430  through  6130  of  the 
ID  o  d  e  1  . 


Til'd. T79051t.LEtK 
r.d-ATTAl'oPROCFIL.aA^^ROC.ID^AFIT. 

’.lU^^lNiSMtCIT.Fft:. 

IJ-LIGIK. 

'.id^iEOR 

.53--  ■  tROUriNE  Evf>il;N! 

:  t  d ^  1  / i . •  1 ;  ATR I L 33) . DD 1 1 03 ) , DDL  n ) . D INLk . 

•70-  )!;  .MFA.K''.;Of.N.:-NR.ii(CRDR.«PRNT.NNRL:N.NNsET. 

1^0=  tN'AF£.Sid00).iE.c(;00I.TRE<T.TNUW,Xni0»l 

190:  ■  «-lCN/i>.;.,/!-’‘'(151.Hl(t5.9.5iiAA(i:5l  .N6v9,251  -R.A.  lA.IC<LiE(Z5) 

,00:  ClrtENEIfiN  iAAO.ll.l.'lAMDd.^l.EAJtCl-l.R). 

il0:  vA^E  (  L  '  t  »  .RA^IA  S' .  i  ) 

::0:  L;^"Ni!0R  R:wLf.,.:i! 

i  '.0:  1  :*1FR910N  NhAA!s:  .T;RR(' U  •'l^AhAdl.NSAWEnd.NiAHCtSliNSAHDlil 

,.40:  :  ;ol  .AftTParHC) 

OA'A  AAA .  jAfTi  >  br.^i7  r  ^ttL*9S  ,99. 

■»  E.-li9.0.9..>9.5i9....10.5.ie.9>;0.5.10. 1>  5.01 
,.70-  »  -5. 4.0,0/ 

Hi--  T.-'A  ArTPA:t-.’0...l5..25..35..;.5/' 

.;90:  DAIA  RAAA / (.5 . L j» -.5 . t5. 7 . 7 . 7 » , » ' . 

500:  iATA  TERR.'7.5.l.7.i.5.2.t.:.L.'..44>1.25,l.,.55..3Z..22.'' 

310:  data  NSAfD.N',A«C.N9AI1E.N'5A«A/i.3.5.3.2.;:.t.2.1/ 

320--  TATA  PK.hI.AA.>.E.R.A.lA.i:/'''54»0./ 

330:  r/:  TO  (l.Z,3.4,5./,.7)N 
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iirijd...)  --  RN.,Knaii;3M(x (<;,;) 
d  lAEi.tSAUfil.Jd.CT.lJ.'^l  CO  TO  A1 

continue 

<■.!  J:li; 

a(d  :  RNCLOCiR) 

lAMLIOiJ)  =  RNORNIXJiOl.XXU).!) 

If  (aE£(EAilD(E..i)’.CT.lj.C)  CO  TO  4t 
OON'INUE 

l-C'£ 

DO  50  I M,} 

HI  :  :.•!)  +  i 

-  BNCLOcdlii 
00  51  .;d.5 

.ANCd.Jl  --  RMjRMaXlO).XX(4).l.' 

:E(aE:-:i5af<':(i..ji).CT.n.5i  co  to  52 

■  TNTINoE 
CONTINiT 

l-B'£ 

DO  <,4  Htd 
HI  =  L 

;r  ii.EOHi  ;i:  =  e 
fJiOl  ^  RHCL-MIHl 

no  H  JH.C 

.ANEd.JI  ^  RN0R?'(XI(3).iX(4).l) 

IF  ^AEilSANtfl.JH.CTHT.D)  CO  10  hi 
FONIINCE 


n ; 


■  -i ' 


-n;  /  ■ 


<  i  .  .  i 


■  .< 


vti.  •-  t^.T. 

KiNl  ti 

Iv-;^  PRINT  wAif.iKAf!  VELO'-lTt  '  ".VEL."  ftLlITUDf.  =  ".Uai 
UP-;--  PRINT  4.'AIK  Ri.FT  ARRIVAL  RATE  =  El(P0N..5  HINLiTES)" 

PRINT  4. "ROAD  NfTUORk  1  " 

I'.tTP--  PRINT  4.'-v;anLAR[I  deviation  Of  THE  DEFENSIVE  SITES  =  ".HU) 

I  il?-  PRIM  4. "114444*4444444441414444444" 

'iETORN 

lock  up  the  nhkei.r  of  sites  in  the  belt  and  confute  The 
1:.;.?^.,  range  ERCN  iHE  AmI  TO  EACH  SHE. 

!;70-; 

lly0-L  L  -  ATRIE'i..i 

1190--  ATR!B(7)  =  0. 

1/00=  K  =  NAAAd' 

i;  10-  lA  =  1 

lc.0--  CO  TO  9 

i;50=c 

K40M  lA  =  I 

t;:S0=  L  =  ATRIBli'. 

U4.0=  K  =  NSANCIL; 

1770=  CO  TO  9 

i;S0=C 

1790=4  lA  =  3 

1300=  L  =  ATRlfctAl 

;:.10=  K  =  NSANDlLi 

1370=  CO  TO  9 

1430=C 

1340=5  lA  =  4 

l-:50=  L  =  ATRIE14) 

1:40=  K  =  NSANElLi 

1  ■•70=  GO  TO  9 


! 

1 
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v; 

.IIK  t 

■  ■  ■  - 

tl:  .  -  IR  ■ 

''f  . 

.■  / 

M'  ■■  «:i:  •:>. 

-  V- 

- 

'.  A .  1 3 . 1  ’ 

1 

.  ■  :  ■  J-M  <  .  I'.l 

■.‘  V  -? 

It  vn-,.  .  .0 

•  ■  .r; 

2  '  * » 1  »  » »<  ■  '  ?' 

>  _ 

.-it.,.'  ■-  0. 

^3 1 ,  ,  J  ;  ^1;  1! 

::N?!NLI£ 

;t  iAl 

*HF.  Silt  OR  3' 

"’.Hr.  ONITF. 

If  (AA(W).EQ.i 

l  ■ 

INE  =  NE(L.IA) 

;  '.0= 

DO  34  «=nN,iNB 

0(1)  =  HIlBtlr 

IVi- 

C(2)  =  L 

Ci31  =  lA 

.190: 

DO  31  NN--4.8 

1 .00= 

C'.NNl  =  0, 

2210=31 

CONTINUE 

2220  = 

E  =  B{C(l))/t0, 

2230= 

CALL  SCHDL(7tE. 

2240=34 

CONTINUE 

2250--C 

2260=C 

^EST  FOR  A  KILL. 

2270=C 

2280= 

DO  40  K=H«.INE 

2290= 

IF  (DRAND(l).Lf 

2300=40 

fONTINUE 

2310= 

RETURN 

2320=C 

2  330--C 
2340=C 

RELEASE  THE  SITE 

2  350=C 

rM--i 

L  =  ATRIEI2) 

2370= 

lA  =  ATRIEC.) 

2330= 

IHI  =  ATRlB-'l) 

2390= 

INB  =  KE(L.IA) 

2400= 

DO  50  J=!tINB 

2410= 

JH  =  J 

.  ui  .1^  .  1  <  C'3 


W  FOR  A  KILL.  (ATRIE-JIM  HmZ  KILL»  ATRIB(7)^^  WEAHS  KO  KILL.) 
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‘  *  L  M  A  1  '  P 

*  C 

‘  »  ■  .  ,1  •  . 

*  .  •  •  *l  »  .  •  -  h  I  K‘  >1.  »  1m, 

^  in-'- 


.  .»  -l.iN/'.  '.!•■  ,nFA,»',‘TuF'.NCt.NR 

■  'S-  .  .‘..•.cR.Ntt.N’, ;.N  jttf.'cs  uii'  ■  -inf iMNCitfiKin^^) 

■I,*-  iFI^UN  ■  ft,  I  '  ^ i .  ^ ;  V 1  '■■  'V**)) » Ah t .  *:  ■  »nL  •  ■  -i ,A ,  I h ,  IC »L iZ5F 

•  V.k'  •  ■ 

.oj.‘  >;  -  4 

:  f  ^  •  ! 

tF'tA.GF.i*  Cl'  'OS 
IH  -  Z4 

,'■  Ij-  K  :  fl  *  4 

. '  jO'  S  1'')  a  I  -■?( iH 

itti-  -I'M.ia;  -  1. 

1 670 ■  AA ,  I )  =  PH ( 1 , 

lO  !0  '.uiiIR 
AJ  -  -J"*  1 

i  im-  If  (PH(j).(.f  .FKIOJI)  CO  TO  \ii 

.-'.0=  If  (F'KiJJj.LE.AAd!)  CO  10  10 

i/20=  AKItL.'A)  =  JJ 

i/30--  AAC)  :  PK(JJ) 

,  / iO" J  0  i ONT I NOE 

;  PK(riI(I.l,IA))  -  0. 

iw60=,?0  FONT!  NOE 

:/70--  NEd.IA)  =  NEIL.IAI  +  i 

T80--  IF  (lA.EQ.l!  NEH.IA)  ^  NEIL.IA)  +  3 
;.F0-  Of  TURN 

I 'Mi-  END 

f, !0^C 
h  li-i', 

■.IJfcROUTINF  PROEKIL 

.  iC'«nON/'fCOI11/ATRIBn00l-8D(100t.DOL(lV'0i'DTNO«.n.HfA.«STOPiNCLNR 

•.NCRDR,NPFNT,NNRuN.WNSE^N;APE>SS(100).','3L(;00).TNEr,TNOH.n(10i) 
Ii  ,0=  lONHON  /ALL/  PKIZS) .HI (15.7,5) •AA(iS) •NE(9. 251 .R.A> 1A»IC>L.B(Z5) 

.870=  DIHENSION  ASFECT(37,5i ,  5I(.«A(37.'3i 


--;0= 

DATA 

((ASPECT(I,.l),,Jrl,5) 

.1=1.3 

:7!/  0, 

,3.80,  5.04,  3.82,5.79, 

390= 

i  5. 

1.70.  2.10,  2.64, 

4.37, 

10., 

1.88,  2.69,  3.39,  2.80, 

■700= 

i  15. 

.84,  2.84,  -.58, 

3.36, 

20., 

’..92,  2.44,  3.07,  2.48, 

7  25. 

1.51.  2.68.  8.37, 

3.55, 

30., 

1./,’,  6.84,  8.61,  4.10, 

,20= 

»  35. 

.'71 ,  5.01 ,  6.31, 

1.76, 

40., 

1.4!,  2.98,  3.76,  2.74, 

v50= 

i  45. 

1.89,  3.07,  3. £7, 

4.68, 

50., 

1.35,  1.80,  2.26,  3.22, 
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'm»r. 

VM-- 

■;:4!»=C 

54:«= 

':m- 

?45«-- 


niM 


■L 

4 

s  ^  . 

■  0 

.0. 

2  .'9 

1 

■  ...  .  ."1,  . 

■'H, 

- .  1  ■  1 .  -  . 

5.V3, 

\ 

' .  t 

*  ‘G  .  .  •  .  .  ^  T  »  !  f  . 

•  - . 

‘8  -  -  .  .  , . '  ,  . 

£  '  G. 

-  .  » 

> 

.  ■■  .  .  ..i.;:. 

1 .  1 .  i  t  ■ 

5.3-  4-1. il' 

7 , 

•  2  .  ■  * .  .  1 1 2* , 

;.v. 

1  .80. 

;8.;i  .4;,. 

.18. 

k 

.!  lit. 

■  3.9 1" 

5.43.  ...J. 

^  .7-. 

•  .9  ‘  ^ 

9  -  ■  -  r  , 

.  1 .  •?  1 , 

.  .8.  .  ;.  10. 

..56. 

i 

.  *  *  1  .  '  .  ^  > 

'.  ■  ;3k. 

.  .  8  , . 

C 

4L  .  ■  ••  •  .  .  '  > 

. .  :6 . 

* 

'.  140. 

.  .95. 

i  . »  I  ,C  ’  4 

.53. 

.'i 

1 

..  ..  ..  ■» 

■■  .50. 

.  ;  ■  -j..  . 

’.Ill 

1 

. '4,  .  . • : .  ..^c.  '  > 

.*■  *  1  -.0  . 

. 

M  6 . 

t 

.  1 ' »  . .  ■  , 

.  '0. 

^  /  t  "3 .  * 

.  06 , 

k 

.....  .  -.  J  ‘  ■  .00.  '  , 

. 

.  1  .  *  , 

7.S.. 

'  n  1 

2  ,  ‘  / 

■  -  i 

I  >-•  1 , . '  1  i 

'  ■  ,  1 

0.7;,  8 

4 

1,75. 

.40,  .  9 '  4 .  ■  '  • 

- .  55  * 

1.10. 

1  t- 

1 

.  5 

.03,  ::.4-  .  4.-.'. 

1.70, 

.■■c 

. ...  j  » 

t’J  ■ 

.  .71, 

'.jC'  i.'Vi,  i.if' 

10.65, 

5.20, 

IP- 

4 

1 .  ii  • 

:.'6,  3. IT.  2.1:., 

1.45, 

1.10, 

',-x  - 

1 

4.70, 

:.70.  ‘...5, 

.95, 

?.  •  10, 

■  J 

» 

1.10, 

■  .  6'',  *  1 . 09,  -4  .  riL  * 

.'.C  ^ 

1.30, 

4 

.43, 

.05,  9..;, 

8.45, 

8. 19, 

4 

i'\7  yi 

14.55,  i;.4;,  13. v8. 

,'..35, 

16.70, 

60-- 

1 

16.38, 

16.00,  u.0>.,  25.,:S 

24.98, 

24. 3S, 

’0= 

4 

,.0.88, 

19,95-  17.23,  17.00. 

15.75, 

16. 58, 

30= 

1 

7.03, 

9.20,  5.85.  9.90. 

6.73, 

9.50, 

90: 

4 

1.75, 

3.65,  6.19,  -.75. 

1. 

7.85, 

00  = 

i 

'  .23, 

3.i:<  4.28,  -2.33. 

3.03, 

3.48, 

.0= 

4 

.08, 

-1.08,  4.35,  -1.2?, 

-2.60, 

3.90, 

t0  = 

4 

:.90. 

.50.  t.0'0,  2.7'., 

.55, 

5.23, 

50  = 

-1 

6.55, 

.43,  6.93,  .50. 

.58, 

2.95, 

10: 

4 

.55, 

6,3E.  4.7 3,  4.15, 

6.53, 

9.93, 

50= 

4 

4.63, 

.3.85,  13.50,  .98, 

9.48, 

15.057 

'0= 

r 

0  TO  11 

,  .7 ,3, 4 ,5 1  lA 

80=3 

hAi3 

90 =C 

If 

AIRCRA 

FT  IS  OUT  OF  RANGE, 

3ET  PKiIC)=0. 

IF  (R.cr.!.35i  Cl  Tn  V9 

;  C  JINK  FOR  FIRST  NINUTE  a''rER  FEES  PENE'RATION.  1.3  C 
flP'ER  THAI. 

G  =  1.3 

TINE  =  ThOM  -  AIRIEd) 

IfiTINE.LE.l.)  G  = 

IF  (TINE.CT.S.)  C  =  3. 

CONF’GTE  INTERCEPT  RANGE  IN  IHOUSANOS  tjf  FEET. 

I  --  6.Z 

IF  (  R.LE..954)  X  =  (RH.«E/.7«71) 

IF  (R.LE..348S;  X  =  3.« 

CONFUTE  EULIET  VELOilTT  AT  INTERCEPT  AND  BULLET  TINE  OF  FLIGHT 
VF  =  305e.*£XP(-.1513*X) 


TOF  =  l6E01,7t/yF;-2.1A4O 
CONFUTE  SINGLE  SHOT  PK. 

DEHOH  --  t.283;»it20.»X)*iZ.)  ♦  55.65 


I 

A  i 
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’  r.‘  ''I'  '  < .  I '  V*.;:* . 


i  .  .  ■*  ,  1*7  :  '0  ( 


■  *  --iS 

;;  .H.o  c.p-  ..■■  fi  V 

'f  PJlp.,  J.lcD  f'KpP  ^  JZi 
Kf  TiJRN 

IF  (R.UM.;  ,«Ny.  R.lt.7.:i)  I.j  ^0  7 
00  '0  FF 
iAS  -■  ‘ 

0«  =  0.:;? 
oo  TO 
-“-B 

if  (A.L- ,;3a.)  C:  to  f: 

;f  (R.Le.4.3  C?  TO  99 
isa  ^ ... 

n.  ■-  UNTRIi::..!.*!) 

:  <;,4» 

00  TO  in 

h’  A 

IF  (A.LB.innn.T  oo  in  m 
IF  iS.lF.O.T  .OR.  R.Ct.!’'.-li  CO  TO  S9 
^  AA  =  t 
'L  =  4. 

..'1  ^  0.3 
.'.IT  TO  in 

.:^r.jTF  T«t  ..ilOK.  -rtAD  ANt-.,! 

1’  11  Pc.l'- 

iRB  =  on  -  1 

F|  :  R'SlhtD.AOF'Ei'KIBt.li! 

.•■  (AvPfFMEE.lAAl.LT.Rf)  CF  TO  12 
-■  ON’INUE 
:  .i:  =  lEE  M 

f:A  ^  (A&PFi-T (!BE.I4A)«i;C0B (ASPECT (lEE.lin- (ASPECT!  IBE.IAAI 


1)7 


.  -  >  1  .  •  •  ' 


.  t  li . ;  • 


■ ;  ^ 


•  ■ " ■  ' ; t j -  -  ,  • 

^  i  .  .11  I 


At  .  .j‘1  •  I  I  .  ,  -  (  *  '  t  .  *  *  .  • 

•.'.H  '•i’-  '  (‘GTAl 


r.<!' 

'  i...3  ■  '*  AAr-  At  V  i  ON  *  M  '  0 )  -  J.  ^ '  h' '  ■*  1 .  • 

L  jt* '  ' '  • '  ‘  Kit.  t* 

'. .  ACi  •  •  ii.  Iw  .  > 

Gt5ii=KiA 

yjj  CALCT.tMn.iAH  t.  Kiat: 
AC7  f  •  u  t.  • 

‘ail}  .'AD  AsSi..A'U';iJ)^n(i9’+i.: 

coiG^.naA  -iAH  [.  hIuLg: 

V:M--  ACT...''L.  ! 

'■'  iG'K'tAF  ASSIGN ^  M t  ‘  ( 1 1  ( ^  1 
tiGA  COLfiina.iaAW  F  !  -Lit: 

‘•v(}-  AC’.i.Ka'; 

^.:49-kgaa  agsigx. u  : 7;  =u (S'l i! . ; 

colc'.umM.gah  a  kilig; 

Vii-A-  ACTM.v.;i'  : 

G370-: 

5  ■  S  9 = H  L  -  a  >:  4  i  f  A .  n : :  I  r  u !  ’  I  •  > . : 


roGC^.u  /’ ■  '(':ai_  !  :llg; 


■'499=  -rRfi: 

‘4;9--  ENDNf": 

‘4D9=;ni^9.  ; 

‘.4:.9=:N'if  .Ki((;,i-.iDs.n!Ui.  1  ;  =  :«««. 

‘.'44(»= late: 

‘.440=’' nil'. ate: 

Mt0=  i^'I'.a^e: 
ilate: 

Si80='GI»'iJLA:E: 

‘i49i}iiNT(r,  n;?)  =  .!:;;;;:;[!!:i: 

v:«A=-.;t.'L.ATE: 

15!0  =  '.!I1!JLATE: 

‘^20='::'':jlate: 

‘.gg0=s;}(i.ilate: 


.n(4!- 
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li.; 

,  s,,  ■ 

-'■'..r...  ■ 'i : 

'■  .'V  .  1 '  i  i 


■  ..  'MjiATi: 

',  ■  :•  i  r-  A 1 1  I 

/.  iK=':':’:!LATE; 

'.  ■  I 4 fE  • 

y^'-.?i:AATE: 
!.  ;:’i!Late: 

:■  ;A=;:'»l.iLATE: 
s  i.'-':,fiiATE: 

St^'-^iWiZATE’. 

=.  ''olate: 


.• .  HiJlATE  • 

:in!.iiS'E: 

V  7#^ 

;.7LC./X(!) 

•  r- 

iOlHEATEI 

'  •  ir- 

- ;«.!!.  ate: 

t  ^0- 

■jtME'LATEr 

r  .  Ib; 

-V.rviLAlEi 

,.«■ 

V.RijLATE: 

•  (1- 

:vTLC.nii) 

I  :4^  ;«'.JLAT£; 
/.  ‘J-^'inuLATE! 
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.  .M 


Till!  sample  output  shown  below  is  from  the 
of  the  model  (all  factors  at  level  one): 


first  run 


•  .1^=  4LAft  SUMHARf  REPORT 


hM- 

h..;0r 
t  vB  = 


SINJIAIION  PROJECr  THEilS  NEIHORk  BT  LEEK  AMD  SCHHITT 

Dhil  iiizinm  run  number  i  of  bt 

CURRENT  tine  .2199£*AZ 
STAIlbTICAL  ARRArS  CLEARED  AT  TIRE  t. 


hiii- 

nm--  ♦♦sTAiisrics  por  variables  based  on  observations 


bT.;.0-- 

mean 

standard 

COEFF.  OF 

MINIMUM 

MAXIMUM 

NUMBER  OF 

i"  ‘J- 

value 

DEVIATION 

VARIATION 

VAlUE 

VALUE 

OBSERVATIONS 

LTvf:  total  buRVlvLU 

.S50dE+01 

.jRZBEtBl 

.55«5E-*»B 

.IBBBEiil 

.llBtE>»2 

If 

|-'.A0=  AAA  HItx':’ 

.300BEK01 

.IDBlEKll 

.527«E+rtB 

.IBABETBI 

.SBMEKll 

5 

EH0=  SA«  C  KILLS 

NO  VALUES  RECORDED 

K  0=  SAH  i)  Ki.LS 

.SBBBEtBl 

•iSBIEKil 

.527iE+00 

.IBOBEkBI 

.SfffEKfl 

5 

t'.  j0=  SAM  i)  Kit  .S 

NO  VALUES  RECORDED 

(  .40-  SAM  A  KILLS 

NO  VALUES  RECORDED 

!.  -4-  TilTAt  "aLS 

.550iE+«l 

.:30t8E+»l 

.55B5E+80 

.IM0EK01 

.ISMEkIZ 

11 
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Ad  n  o  n  d  i  X  (' 


KA^4l^^iS  ConntiriT  I’meram 


Tills  nrnpr;!m  rr>mniitfi<?  tho  maxinum  ranee  at  which  each 
of  the  defensive  systeins  In  the  model  can  see  the  fighter, 
assumlnj;  the  J/S  ratio  must  he  20  or  less  for  the  fighter 
to  be  seen.  The  input  data  for  the  program.  Tape  1,  are 
the  radar  cross-seeclons  given  in  Table  V.  The  output  of 
the  program  is  shown  in  Table  VI. 


m-  PROCRAH  RANCtSlINPUT.OUTplJTfTftPEl.TAPEZ) 

118=1. 

U8=i 

138=  DIHEKSIOK  RNC(37.5) f!(S£TN(37i4) 

148=  DATA  RNvi)(SCTN/333»8./ 

r..8=i: 

160=' 

170--  180  FORMAT (F4.0.3F7.t) 

180=  !'i0  F0RI1ATl//7/rEi».''DETECTl0N  RANGE  UN  NM)") 

130=  Z80  F0RHAT«//»3Xt"A3PECT  (DEGREES)". 5I(. "AAA". 51. "SAN-fl”. 51. 
200=  *"SAM-B".5)I."SAH-C".51(."ShI1-D''./) 

210=  i.58  F0RnAT(91(.F4.8,81(.F6.2.31(.4(F6.Z.4)(l) 

rc0=l 

230=C 

248=i;  READ  ASPECT  ANClE  AND  ASSOCIATED  RADAR  CROSS-SECTIONS. 

250=  DO  10  1=1.37 

READ  (1.100!  ()[H'TN(i,JI.J=I.4l 
270=  10  CONTINUE 
280=i: 

230='; 

300=  00  20  1=1.37 

.3i0=i: 

320=1;  COMPUTE  AAA  DETECTION  RANGE. 

330=  DBAAA  =  34.3  ♦  (.5  «  KSCTNU.AI) 

340=  RNCU.li  =  (10.  «  (DBAAA/10.))/1852. 

350=C 

3t0=C  CONFUTE  SAM-A  DETECTION  RANGE. 

370=  OBSANA  =  33.1  ♦  (.5  »  ISCTHlIrZ)) 

380=  RMCd.ZI  =  (10.  »•  (OB3ANA/10.))/1852. 
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Ap  p  c  n  c!  i  X  t) 


l)o  ;  i‘  II  s  i  7  e  A  r  r  .1  y  b 


Tilo 

dele 

11  S  1  V 

e  array  shewn  below  was 

computed 

us  ing 

road 

11 1;  t  w 

o  r  k 

l  wo 

and  a  siaiid.iid  de7iation 

of  6.25  N i 

11.  The 

1  oc  a  t 

ions  o  f 

L  iu' 

AAA  s i L  e  s  in  bell  f  i  7  c 

of  this 

output 

were 

used 

i  11 

L  U  e 

scalislical  ti'stin>;  desr. 

ribed  in  Appendix 

H  . 


Si., DE' t-S-' r»t.  ARi'rt'f 

>  i  0  ^  - 

v'iV^: 

EEL'  ; 

'■^:h  AAA 


i.lf. 

-  A .  i.  i 

-2.;i 

■l.ll 

:.74 

12.1.1 

6..'. 

4.25  12.02 

i.«4 

-1.4: 

f.A' 

9 .  S  7 

-  V .  0 , 

■9. 29 

4.71  .76 

-rti-- 

-l.li 

-.56 

5.E.^ 

.  c 
■  .  0 

■'iCd.  T  _ 

ilhif  • 

v5Ai»-- 

BELT  : 

AAA 

■'b.r- 

“  0 . 0  i. 

z.% 

-t.n 

1.69 

I.IA 

2.62  -4,65 

1.04 

■2.63  -8.99 

■a/.A- 

-1.75 

IM 

-9.11 

5.45 

. .  *♦  i 

4.44  -1.1 

9.47 

-1.22  -7.12 

'ith'i  - 

••.A.L4 

-l.vo 

9.67 

1.00 

•i  I'.C 
••  •  1  - 
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r 

'  ROAD  NETWORK  TWO 


/  SIGMA  =  6.25  NM 

/ 


AAA 

SAM-A 

SAM-B 

SAM-C 

SAM-D 


1 


I 

1 


;  I 

i  t 

I  '• 


FEBA  CIN  NM) 


a  10 


lase 


bliDWii  belo'.; 


w 


c  (1  in  j)  u  I  e  d  u  s  1  ii;; 


r  ('  a  d 
1  o  c  a  t 
w  e  r  f 

A  ij  u  i"  n 


;  In'  d  e  f  a  ri i  «'  a  a  r  r  a  y 
network  two  and  a  standard  day  id t  ion  of 
Ions  o)  the  AAA  sites  in  belt  four  of 
used  (  n  n  a  r  t  of  r  n  a  s  t  a  t  i  q  t  i c  a  1  t  e  s  t  i  n  P 


3.0  NM.  The 

this  out  nn  t 

described  In 


-1  lx  !!  . 


-..i( 


•  C  t.  - 

r  L  .  *’.•■  • 

.  t  ;  * 

■..,.'1 
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«  i  1  4  t  i 

488= 

SUR9I9A1 

498= 

BT  NET 

588= 

RATE 

518= 

VEL 

528= 

ALT 

538= 

SICNA 

CELL  BEANS  t  i  t  t  t  t  i  *  *  *  *  i 


54«-  f«4i»#«i**i«***»«*»»»»***»»«**»*«»*i* 


55«- 

578=  TOTAL  POPULATION 
588= 

598=  11.80 

888=  (  2481 

618= 

6.’0= 

638=  NET 

648=  t  2 

658= 

668=  15.89  6.12 

678=  (  128)  (  128) 

m- 

698= 

788=  RATE 

711=  1  2 

728= 

738=  12.22  9.79 

748=  (  128)  (  128) 

758= 

768= 

778=  VEL 

788=  I  2 

798= 

888=  18.88  11.21 

818=  (  128)  (  128) 

828= 

838= 

848=  ALT 

858=  1  2 

868= 

878=  9.55  18.45 

888=  (  88)  (  88) 

898= 

988= 

918=  SICHA 

928=  1  2 

938= 

948=  18.52  11.49 

958=  (  128)  (  128) 


3 

13.81 

88) 


I  2  6 


Ii  f  n  >1  1  t  i  !  lid  f  I  t'  .•  f  1  3  w;i  I)i;i  i  L  t  e  d  ,  .1  1  t  i  t  ii  d  e 


remained 


1 

I 


a  stall  -s  1  i  e  a  1  i  v  s 


i  f i c  a  n 1  1  a  c  t  o  r ,  but  It  was  less 


I. 


I 


s  i  ii  n  i  1  1  <■  a  n  t  l  m  a  n  It  i  s  in  t  n  e  original  1  1  v  e  -  w  a  V  A  N  0  V  A  . 

S  i  in  i  1  a  r  1  V  .  t  :i  u  i  ii  I  (  r  a  u  t  1  o n  between  altitude  and  s  i Rtna 

r  em  a  1  11  e  >1  i  e,  ::  i  !  i  e  a  n  i  .  but  at  a  reduced  level  of 
s  i  11  n  i  !  i  c  a  n  c  .  Tlie  i  n  I  ■■  r  a  e  i  i  o  n  between  the  road  network, 

and  altitude  b  e  e  a  in  e  s  t  a  t  i  s  t  1  c  a  1  1  v  i  n  s  i  si  n  i  f  1  c  a  n  t  .  These 

changes  are  underlined  in  the  output  shown  below. 


r 

b.l-ai: 

«  *  1  »  » 

<  <  a  A  iv  V  b  1  ■ 

u  R  VA- 

!  A 

N  C  E  « 

<  «  «  1 

1  *  « 

t  -.l}-- 

bliRV '  VHl 

K 

;  i-- 

■  :i}i 

e>  sri 

KATE 

>  . 

'•<i.  1 

t  d«  = 

VEL 

ALT 

. 

l'  = 

EIGHA 

VVi- 

4  t  4  1  t 

♦  i  »  ♦  1  ♦  n 

«  » 

i  «  *  «  « 

t  «  «  * 

i  i  t 

p.  1 

1  -i- 

K 

n«r 

bi)«  OR 

HEAHi 

SICNIF 

fc’i0  = 

VARIATIiTN 

iuOARiS 

DF 

SQUARE 

F 

OF  F 

1.  ioi- 

hwiN  L-'i 

»t'B  1.950 

5 

936.390 

171.323 

.001 

b'ig: 

i^lT 

1.025 

1 

4223.825 

772.652 

.001 

b 

Mii 

2.b0.“00 

1 

280.900 

51.394 

.001 

b.d*-- 

vLl 

i.ZZ5 

1 

1.225 

.224 

.637 

At' 

..;.400 

1 

32.400 

5. 928 

.016 

1. .  :i- 

"hgha 

144.400 

r* 

‘144.400' 

2fc.420 

.001 

i.  ii}- 

0 

Z-0A'l  Iv 

l^ACT lONl 

i:c.5.050 

10 

118.305 

21.b45 

.001 

1  ‘.0  = 

Nil 

RAIL 

.ti:5 

1 

.625 

.114 

.736 

i<Pf 

b.  70- 

MT 

VEL 

.400 

1 

.4r)0 

.073 

.787 

-  -:b0-- 

Nl ' 

m  T 

2.0.5 

J-. 

2.025 

.370 

.544 

f>.90-- 

Kri 

“bICMA 

1071.225 

1 

1071.225 

195.993 

.001 

b/00- 

MIE 

VEl. 

.225 

1 

.225 

.041 

.840 

b.  0- 

RAh. 

All 

.400 

1 

.400 

.073 

.787 

k 

i  10- 

R'A  i  i 

biGHA 

f,2.500 

1 

62.500 

11.435 

.001 

1  V?0- 

VEl 

Ail 

5.625 

1 

5.625 

1.029 

,312 

b..0  = 

Vf.L 

biGMA 

.025 

1 

.025 

.005 

.946 

1 

f.  .  .'0  = 

AIT 

40.000 

1 

40.000 

7.319 

.008 

I  28 


A  p  (>  t‘  n  il  i  .<  )■ 


Kive-vJiiv  A  NOV  A  with  SI”,  i:ia  held  Constant 

h'lieii  siK'na  was  held  constant  at  level  one  (h.25  NM )  , 
onlv  one  uiaiur  chain', e  occurred;  the  interaction  between 
the  road  network  and  aircraft  altitude  became 
statist  icallv  insignificant- 


SUM  OF 

MEAN 

SICNIF 

ioUkili;  Ci 

VAh lO^ 

SQUARES 

Of 

SQUARE 

f 

OF  F 

J  ’  p ' 

MAIN  EfFE.. 

IS 

1589.133 

c 

■J 

317.867 

41.642 

.001 

HE] 

653.333 

1 

653.333 

85.590 

.011 

WIE 

340.033 

1 

340.033 

44.546 

.111 

VEL 

7.500 

1 

7.500 

.983 

.324 

ALT 

588.447 

2 

294.233 

38.546 

.111 

2-0A'l  INTERACTIONS 

50.100 

9 

5.567 

.729 

.681 

Wi- 

NET 

RATE 

2.133 

1 

2.133 

,279 

.598 

NET 

VEL 

.133 

1 

.133 

.017 

.895 

4i(  ii- 

NET 

ALT 

11.447 

2 

5.733 

.751 

.475 

RATE  '  ~ 

”  VEL . 

2.700  " 

1 

“1.700 

.354 

.553 

4.1«= 

RATE 

ALT 

20.247 

2 

10.133 

1.328 

.270 

4; 

VEl 

Alt 

13.400 

2 

6.700 

.878 

.419 

4i 

414il^ 

3-nat  interactions 

31.933 

7 

4.562 

.598 

.756 

4.f«= 

NET 

RATE 

VEL 

4.800 

1 

4.800 

.629 

.430 

NET 

RATE 

ALT 

4.467 

2 

2.233 

.293 

.747 

i'Ji- 

NET 

VEL 

ALT 

3.247 

2 

1.633 

.214 

.808 

4130= 

RATE 

VEL 

ALT 

19.400 

2 

9.700 

1.271 

.285 

4:90= 

4.00- 

4-MA'f  INTERACTIONS 

15.800 

2 

7.900 

1.035 

.359 

4,:i0- 

NET 

RATE 

VEL 

15.800 

2 

7.900 

1.035 

.359 

4-  40-- 

ALT 

4i  10= 

4240= 

EIPLAINED 

1487.167 

23 

73.355 

9.610 

.001 

4.- 50= 

44  60= 

fitSinUAL 

732.800 

96 

7.633 

4270= 

42k0= 

TOTAL 

2419.967 

119 

20.336 

t.'  :) 


si  ';.i  w;is  M  t*  1  (I  Cdnst.ifit  at  Jevel  t  v;o 


(i.O  NM) 


the  i  a  t  e  r  a  e  t  i  d  ri  bctwec-n  tiio  romi  network  and  aircraft 
altitude  a  c,  a  i  n  b  e  f  a  r.i  e  statistically  significant-  In 

addition,  t  1 1  e  interaction  b  e  t  w  i-  e  n  L  li  e  road  network  and  the 
a  i  r  c  r  a  i  t  arrival  rate  b  e  c  a  i.i<  statistically  significant. 


i  .ffl- 

‘j:ih  Of 

MEAN 

SIGNIF 

. 

lUU'V.L  -■ 

VhC lAT inn 

o-#vAREo 

DF 

SmuARl 

F 

OF  F 

^  ^  L  •- 

Ti. 

‘dbS.04i: 

5 

1357.008  491.225 

.001 

T  ,  .  trJ  - 

Wd 

t-'ji;.40B 

1 

6645. 406^405. 578 

.001 

Mu 

66.008 

1 

66.008 

23.894 

.001 

Vll, 

S.00b 

1 

3.008 

1.089 

.299 

‘  ■  h-- 

hi.T 

70.617 

2 

35.308 

12.781 

.001 

i-WA7  IM' 

RAC T IONS 

41.575 

9 

4.619 

1.672 

.106 

Nt.T 

RAfE 

14.008 

1 

14.008 

5.071 

.027 

NCI 

VEL 

j.00& 

1 

3. '008 

1.089 

.299 

C;'  V|j|  = 

NCT 

ALi 

Z1.717 

2 

10.858 

3.931 

.023 

MTk 

VEL 

.008 

1 

.008 

.003 

.956 

CATE 

ALT 

1.217 

2 

.608 

.220 

.803 

<..(!  = 

VCL 

ALT 

1.617 

2 

.808 

.293 

.747 

i-NAI  INTERACTIONS 

14.525 

7 

2.075 

.751 

.629 

NET 

RATE 

VEl 

.675 

1 

.675 

.244 

.622 

!> .  00= 

NIT 

RATE 

ALT 

11.317 

n 

L 

5.658 

2.048 

.135 

< ;  70= 

NET 

VEL 

ALT 

1.517 

2 

.758 

.275 

.761 

10:0= 

RATE 

VEL 

ALT 

1.017 

2 

.508 

.184 

.832 

‘1.00  = 

A-AAT  INTERACTIONS 

13.650 

2 

6.825 

2.471 

.090 

4,  10= 

NET 

RATE 

VEL 

13.650 

2 

6.825 

2.471 

.090 

«.Z0  = 

J*1  •  "ill 

ALT 

i.  40  = 

ETFiAINED 

6854.792 

23 

298.034 

107.886 

.001 

4i  j0  = 

4,60  = 

RESiOUAL 

265.200 

96 

Z.763 

4t70= 

4/80  = 

TOTAL 

7119.992 

119 

59.832 

1  30 


1  i.  I  coll  "f  t  li  e  i  :i  t  i- r  ;i  c  L  i  o  ii  s  botwooii  the  roaU 

act  wort  and  aircraft  arrival  rati  are  sliowii  oclow.  This 
data  ia  r  e  a  c  a  t  e  d  Ktaphically  la  ri..;are  17. 


ti-i- 

hAU 

y.i- 

1 

c 

iii-  f<t- 

m= 

;  i  ^ 

10.53 

1.  101  i 

1  301 

c  , 
j .  1  :• 

..97 

(  ,01 

(  301 
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w  i:  r  o 


A jj  pf  M.J  i  X  i; 


Four-.^'ay  AN'iVA  uiLh  A  i  r  ,/o  od  Excluded 


i)  r  tiic  four-way  AVuVA  witii  airspeed  exc. 
tue  sai'.e  as  tiio  results  of  tat  flve-uay  ANOVA. 


-tiH  Or 

MEAN 

SICNIF 

-  /  - 

v'ARIhTIi.iN 

-jfi'jARES 

U' 

■ij'jARE 

F 

OF  F 

'  *. 

HftlN  i-»'E 

G'lb'J  >  ii  1 

1731.864 

264.050 

.001 

/  'C  • 

Nt.  ^ 

5733. 03T 

1 

5733.0371  136.610 

.001 

: 

n»l  i  r 

35L.837 

1 

352.837 

69.952 

.001 

Hi  1 

51t.40b 

L 

258.204 

51.191 

.001 

57.837 

1 

57.037 

11.388 

.001 

'  .  !!«- 

w  * 

[»«■ 

-RACTiONS 

1813. 6Z1 

9 

201.513 

39.951 

.001 

KtJ 

RATE 

13.538 

1 

13.538 

2.634 

.103 

:  4e= 

Ni ' 

ALT 

3;;.8Z5 

Z 

16.013 

3.175 

.044 

Ni'.  ■ 

Si'TNA 

1565.704 

1 

1565.704 

310.410 

.001 

3''6iJ  = 

RArt 

ALT 

6.475 

Z 

3.238 

.642 

.527 

Rh  ft 

SICNA 

53.Z04 

1 

53.204 

10.548 

.001 

HI.'- 

SIGMA 

14Z.6T5 

2 

71.337 

14.143 

.001 

Jo90  = 

0 

■;:-WAi  INTERftCTIONi 

33.496 

7 

4.785 

.949 

.470 

3-10= 

NET 

RATE 

aLT 

14.7Z5 

Z 

7.363 

1.460 

.235 

NE" 

RATE 

SIGMA 

Z.604 

1 

2.604 

.516 

.473 

3^30  = 

NET 

HI' 

SIGMA 

1.153 

Z 

.579 

.115 

.892 

,..40. 

c  ■  c  j  _ 

Rsdt 

ALT 

SIGMA 

15.008 

.•» 

L 

7.504 

1.438 

.228 

>5 » J  kJ  - 

.1 

4-MA'i  INT 

tRACTlONS 

1.058 

2 

.529 

.185 

.900 

NET 

RATE 

ALT 

1.058 

Z 

.529 

.185 

.900 

SIGMA 

EiPLfliNEL 

8507.496 

23 

369.891 

73.333 

.001 

REEIUijAL 

1089.500 

Z16 

5.044 

mi-- 

TOTAL 

9596.996 

Z39 

40.155 

1  ud  ed 
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\  •(>  o  i>  il  i  X  i  1 


UsLd  of  Stat.i;iLical  Dldtributlons 

o  I’  ;  S  t  t  s  for  tile.’  1  o  1  1  o  w  i  n distributions  are 

p  r  s  i- 11  c  e  d  ill  t  1 1  i  s  A  p  e  n  d  i  x  : 

1.  ilxpoivontial  distribution  of  arrival  times. 

2.  IJorual  distribution  of  AAA  sites  in  belt  4,  usln^ 
road  network  2  anu  sij’raa  equal  to  3.0  NM. 

i.  Normal  distribution  of  AAA  sites  in  belt  5,  using 
road  network  2  and  signia  equal  to  6.25  NH. 

Die  i  i  s  t  r  i  !j  u  t  1  o  n  of  arrival  times  was  tested  using  a 

(;h  i -.‘D|  ua  r  e  tost,  while  the  distribution  of  the  AAA  sites 

were  tested  with  a  Ko Imog o r o v-S m i r n o v  test.  All  three 


tests 

used  an  alpha  of 

.05, 

and  In 

all 

three 

cases  the 

null 

hypothesis  that 

the 

data 

came 

f  r  oin 

the  desired 

distributions  could  not  be  rejected. 


Distribution  of  Arrival  Tlr.ies 


The  arrival  intervals,  taken  from  2  consecutive  runs 


20  aircraft 

each  , 

are  listed 

below; 

1.20 

1.1/ 

0.  16 

0.27 

0.04 

0.01 

0.11 

0.12 

2.01 

0.15 

0.06 

0.  18 

0.56 

0. 69 

0.18 

0.39 

0.6  7 

0.05 

0. 39 

1.15 

2.  70 

0. 31 

0.07 

1 . 82 

0.82 

0.85 

0.17 

0.65 

0.  32 

0.22 

1.60 

0.03 

0.04 

0.  72 

0.4  1 

0.31 

0.95 
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;i  r  r  i  .1  1  1  'i  I  t  r  ^  a  1  s  .ire  f  r  o  i;;  an  exp  o  lu-  n  t  i  a  1 


(  .  5  1 1  ii  II  t  e  ri  )  li  i  !■.  t  r  1  b  u  t  i  o  ri  . 

Kj  ;  'I  Ilf  .ir  rival  Inti-rv.ila  .ire  not  iron  an  exponential 
(.5  niiiu;e.s)  diatrlbucion. 


V  _  1  _  f ,  a  5  _  1  _  0  =  It 


23«= 

RUN  NAHE 

ARRIVAL  RATE  EXPONENTIAL  (.5  NINUTES) 

24i= 

VARIABLE  LIST 

INTERVALiFREO 

25«-- 

INPUT  FORHAT 

FREEFIELD 

26f= 

INPUT  NEDIUN 

CARD 

m- 

UEICHT 

FREQ 

280= 

N  OF  CASES 

5 

290= 

NPAR  TESTS 

CHI-SQUARE  =  INTERVAL/ 

300= 

EXPECTED  =  6.89  5.64  8.40 

310= 

7.70  9.37 

320= 

READ  INPUT  DATA 

51  »= . CHI-SOUflRE  TEST 

52«= 

53i:  INTERVAL 

541= 


550= 

VALUE 

1.0 

2.0 

3.0 

4.0  5.0 

560= 

COUNT 

7. 

7. 

7. 

6.  11. 

570= 

EXPECTED 

6.89 

5.64 

8.40 

7.70  9.37 

580= 

59P 

CHI-SQUARE 

D.F. 

^UnIFICANCE 

600= 

1.222 

4 

.874 

Sl«= 

6Zf=lARRIVAL  RATE  EIPONENTIAL  (.5  fllNUTESl 


1  .  222  <  9 . 4<1 
2.  2 

^calc  ^  ^crit  alpha  equal  to  .05 

Therefore  we  must  fall  to  reject  . 


1  34 


1)  i  ^  C_r  i  ti  M  t  io  n  ii  f  A  A  A  f'  1  l  ■■  s  1  n  B  o  t ^ 

i'll  is  teat  uas  made  to  verify  the  normal  distribution 
of  weai'on  sites  wiien  sii'.ma  is  set  at  3.0  NM  .  Road  network 
2  was  used  because  road  network  1  would  have  produced  a 
truncated  normal  distribution.  The  l.OC  is  .8  NM  to  the 
risi'it  of  the  center  of  t  ii  e  army  area  wiien  it  crosses  belt 
4.  Thus  tlie  defenses  can  fall  up  to 

13.5  -  .8  =  4.23 
3.0 

standard  deviations  to  the  ri^ht  of  tiie  mean  point  and  up 
t  o 

13.5  +  .8  *  4.77 
3.0 

standard  deviations  to  the  left.  This  will  Include,  for 
all  practical  purposes,  100%  of  the  random  numbers  drawn 
from  a  Normal  (0.8,  3.0)  distribution. 

11^:  The  25  AAA  sites  come  from  a  Normal  (0.8.  3.0) 

distribution. 

The  25  AAA  sites  do  not  come  from  a  Normal 

(0.8,  3.0)  distribution. 

D  -  0  -.27 

crit  .05,25 


1  35 


ipuLi’f  i)ro;',ra:i  and  data  points  ,i  r  e  sliown  below 


lii^RiJN  NAME  AAA  DISTRIBUTION  FOR  BELT  4  ISICHA  =  3.01 
lli^VARIAELE  LIST  POSITION 

I2«=INPUT  FORHAT  FREEFIELD 

130-INPUT  HEDIUN  CARD 

140--N  OF  CASES  25 

150--NPAR  TESTS  K-S  (NORNAl  .8»3.0>  =  POSITION 

160^READ  INPUT  DATA 

170=-2.63  1.29  -2.01  2.07  -1.22 

180=  2.51  kM  2.57  1.63  .46 

190=  5.86  -1.50  2.16  2.15  6.05 

200=  1.34  2.17  -3.18  -3.16  -3.08 

210=  .74  -2.97  -3.54  -3.10  2.17 

220--FINISH 

230=»EOR 

240=«EOF 


The  r  or.  nits  .ire  shown  below; 


-  -  -  KOLMOGOROV  -  SWRNOV  GOODNESS  Of  FIT  TEST 
POSITION 


520=  TEST  BIST. 
530= 

•  NORMAL 

IMEAN  =  .8000  STD.  DEV.  = 

3.0000) 

540= 

CASES 

MAKABS  DIFF)  MAX (4  DIFF) 

MAXI-  DIFF) 

550= 

25 

.1576  .1576 

-.1849 

560= 

570= 

K-S  Z 

2-TAILED  P 

580= 

.788 

.564 

590= 

:1AAA  DISTRIBUTION  FOR  BELT  4  (SICNA  =  3.0) 


.  1  5  76  <  .27 

|d|  <  D  for  alpha  equal  to  .05 

max  c  r 1 1 

Therefore  the  null  hypothesis  can  not  be  rejected. 


I'  i  s  t  r  I  I'  11  t  i  o  11  t  « -'^A  j  i  t  f  5  i_*i  Belt  ^ 

Tiiift  test  was  n.iUe  to  verifv  t  lie  normal  distribution 
ot  Uij.ition  sites  when  sIkhij  is  set  at  b.25  Ki-l  .  Road 
tietwor-.  I  is  .  1  “JM  to  the  riulit  of  tlie  center  of  the  army 
aria  ol.en  it  cross  ti  e  1  t  4.  I'hus  tiie  defenses  can  fall  up 
t  o 

I  3 .  b  -  .7  =  2.05 

0.25 

standard  deviations  to  tlie  right  of  the  mean  point  and  up 
I  o 

13.5  +  .7  =  2.27 
6.25 

standard  deviations  to  the  left.  This  will  include 

approxinately  97 «  of  tne  random  numbers  drawn  from  a 
Normal  (0.7,6.25)  distribution.  Thus  the  actual 

distribution  s  lion  id  not  be  expected  to  behave  perfectly, 
but  it  should  closely  approximate  the  theoretical 
distribution. 

Hi,;  The  2  5  AAA  sites  cor.ie  from  a  Normal  (0.7,6.25) 
,1  i  s  t  r  i !)  u  t  i  o  n  . 

The  25  AAA  sites  do  not  come  from  a  Normal 

(0.7,(i.25)  distribution. 

0  -  C  -.27 

crit  .05,25 
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iio  c  Oil.  |i  11  t  I' r  ,ir;i,;r.i.T  ;i  lul  >luLa  points. 


a  r  1.' 


•shown  below: 


!\  e  re 


IM^RUN  NAH[  AAA  DISTRIBUTION  FOR  BEIT  5  ISICKA  =  S.Z5I 
IIB^VARIAELE  LIST  POSITION 

120=1NPUT  FORMAT  FREEFIELD 

138=INPUT  MEDIUM  CARD 

14»=N  OF  CASES  25 

150=NPAR  TESTS  K-S  (NORMAL  .7.6.25)  --  POSITION 

16«=READ  INPUT  DATA 


170- 

3.94 

5.14 

-4.78 

-10.15 

2.98 

180- 

4.24 

-5.82 

1.40 

7.41 

-11.74 

190= 

-3.44 

1.23 

1.92 

.44 

-1.44 

200- 

1.52 

9.11 

-2.54 

-4.17 

-11.12 

210- 

-1.59 

-11.14 

13.23 

8.52 

-4.00 

22«=FINISH 

23«=«E0R 

24«-*E0F 


suits  are  sliown  below; 


480- 

491= 

500- 

510- 

.  KOLMOGOROV 

POSITION 

-  SMIRNOV  GOODNESS  OF  FIT  TEST 

520= 

530= 

TEST  DIST.  -  NORMAL 

(MEAN  =  .7000  STD.  DEV.  = 

4.2500) 

540= 

CASES 

MAKABS  DIFF)  MAI((4  DIFF) 

MAXI-  DIFF) 

550= 

540= 

25 

.1430  .1430 

-.0254 

570= 

K-S  Z 

2-TAlLEO  P 

580= 

590= 

.815 

.520 

400-lAAA  DISTRIBUTION  FOR  BELT  5  (SICMA  =  4.25) 

.1630  <  .27 

D  <  !)  for  alplia  equal  to  .05 

max  c  r  1 1 

Therefore  tlie  null  hypothesis  can  not  be  rejected. 


1  38 


r  k 


t\  [j  i‘  1.  j  I  I 


!'  r  o  I :)  i  1  i  t  V  u  I  !,  i  1  1  Co  jti  out  i  o  ii  s 


i  :j  i  s  I '  |M  -  .1  J  )  -■.  c  o  ii  t  .1  i  n  ,)  r  i  ■  o  !>  i  1  i  t  y  u  T  kill  c  or.)  p u  t  1  o  n  S 

tor  ciic  .’w\A  jiiil  SAM-C.  t'hcKf  results  are  compared  to 

computer  generated  results  in  order  to  e  r  i  f  y  the  accuracy 

and  logic  of  the  PROl’KIL  suiitou  Cine  of  the  model. 


Hie  inc owing  aircraft  is  offset  .3  NM  (1824  feet) 
from  Che  gun  and  tlierefore  will  be  engaged  at  a  slant 
range  of  3000  feet.  Tiiere  are  2  "g"s  on  the  aircraft  at 
the  time  it  Is  fired  upon. 

Ttte  velocity  of  the  AAA  round  at  intercept  is: 

-.1513(3.0) 

V  -  3050  e  =*  1  93  7  ft/sec 

f 


The  time  of  fliglit  of  tlie  bullet  is: 


TOF  =  (  6601 . 
\  1937 


-  2.1645  »  1.244  seconds 


The  single  shot  probability  of  kill  is 


S5.6.5 

p  =  — — -  e 

2tt(20-.5)^  +  55.65 


-.5(2)  (.53.2)  (1 .244)' 
2tt(60)‘'  +  55.65 


=  .00245 


The  probability  of  kill  for  a  50  round  burst  is: 


>  i 

L 


■Si) 

I'  k  s  s  =  1  -  (I  -  .  i)  0  2  4  4  ri  k  )  -  .  1  1  S  3  b 

T'.ii  .1  t  c  a c  ii  t; d  conij)ut<_-r  oiilput  stiowa  that  the  ciodel 

i- r.  i‘ r  <1  t  I.  il  the  aaiue  TV  a  a  -JUa  c  a  1  c  u  L  <i  1 1- d  by  liand. 


3AM-C 


rue  Incoming  aircraft  1;,  offset  5  NM  (  9  260  meters  or 
39.67  dbni)  laterally  from  tlie  missile  site.  It  Is 
travelling  at  a  velocity  of  480  knots.  The  missile  can 
intercept  the  aircraft 

2  +  5(3.09)  =  17.45  sec 

after  the  aircraft  first  enters  the  kill  zone,  assuming  it 
Is  able  to  track  and  lock- on  to  the  aircraft  in  the 
m  i  n  i  m  u  111  t  1  r.i  e  possible. 

Since  a  480  knot  alrcratt  is  moving  at  a  rate  of  7.5 
sec/Ntl,  it  will  travel 

17.45  sec  -  2.33  N;i 

7.5  s  ec / NM 

past  the  leading  edge  of  the  kill  zone  before  being 
intercepted  by  the  missile.  From  Figure  9,  it  can  be 


determined  that  the  aircraft  will  have  an  aspect  of  about 


to  till.'  ;ii  i  s  I  J  f  site  t  I  !i  e  t  i  c  of  Intercept 


'J/  re  1 .1  L  i 

.since  the  i  u' d  e  1  u  .s  e  .s  t  li  e  r  .1  J  a  r  cross-section 

iie.irest  5  incretieiit,  1  9 . 9 Jiun,  the  raiinr  cross- 
o  l  lie  J  ')  aspect  is  used  to  c  a  1  c  u  1  a  t 
j  .imm  i  a,',  -  c  o  -  s  i na  1  ratio  at  tlie  tir.ie  of  intercept. 

J/s  =  29.6  +  11  +  2(39.67)  -  53  -  41  -  19.95  -  5 

=  3.9; 

ine  circular  error  probable  ol  the  missile  Is 


CEi’  -  \j(  .  00U00O  7  1  )  (  3. 9  7  )  (  9260  )  +  (  2  200  )(  3.9  7  )  + 


=  95.0  meters  *  312  feet 


The  probability  of  kill  of  the  missile  is: 


2 

(86/312) 

Pk  -  1  -  . 5  -  .031 


The  attached  computer  output  agrees  with  the 
results. 


i*  ■  ^  1  f>  A  II  f 

"‘HL 


" .¥9  NX. 


of  the 
sect  ion 
e  the 

.99  db 


58 


above 
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rti «'  .1  i  s  o  i  1  e  '  s  !>  I  V,  II  t!  s  t  I'  k  will  occur  if  It  can 

i  ii  t  e  r  c  e  L  t  ii  c  a  i  r  c  r  a  1  t  when  t  u  e  a  i  r  c  r  a  i  t  '  s  aspect  is  9 

with  respect  to  the  site.  ine  calculations  for  this 

intercept  are  as  follows: 

J/S  -  29.6  +  11  +  2(39.37)  -  63  -  41  -  24.98 

“  .96  db  1.25 


C  K 1'  = 


sj(  .  OUOiMlv)  7  1  )  (  1  .  2  5  )  (  9  260  )  +  (  2  200  )  (  1  .  25)  +  58 

5  3.7  rioters  «  176  feet 


(86/176) 


Fk  =  1  -  . 5 


.153 


SucVi  an  intercept  is  not  possible  in  the  model 
because  the  kill  zone  is  too  narrow  and  the  aircraft  is 
raoving  too  fast.  However,  the  logic  pattern  of  the 
PROBKIL  subroutine  was  tested  on  a  verification  run  by 
settinc  the  missile  flyout  time  equal  to  zero.  Under 
these  circumstances,  the  intercept  could  have  occured  near 
the  leading  edge  of  the  kill  zone.  The  model  had  the  site 
wait  until  it  could  ac.lileve  the  Intercept  at  a  90**  aspect, 
which  is  consistent  with  the  desired  logic  pattern.  The 
results,  shown  below,  agree  with  the  prediction. 


Lh  LkAi  ■'►ikOE  -  5.33  . 

riTERlEF  -  ‘-.30  N«. 
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Appendix  J 


't 

r 

c 
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lie  - Up  Tlir.es  of  Weapon  Systems 

This  Appendix  contains  examples  of  computer  generated 
output  which  Illustrate  the  logic  and  accuracy  of  the 
model  til  determining  u-h  i  c  !i  weapon  sites  are  allowed  to 
fire  at  an  aircraft  and  how  long  the  sites  are  tied  up 
after  faring. 

In  the  output  listed  below,  the  first  aircraft 
reaches  the  first  AAA  belt  .025  minutes  after  crossing  the 
FUSA  (  the  AAA  is  referred  to  as  weapon  1  in  this  output). 
At  least  five  AAA  sites  are  within  range  of  the  aircraft. 
The  following  sites  fire  and  are  tied  up  for  the  time 
periods  listed: 


Site  Tie-Up  Time  (in  minutes) 


23 

25 

4 

16 

20 


.652 
.  703 
.837 
.730 
•  732 


The  aircraft  reaches  the  second  AAA  belt  .125  minutes 
after  FEBA  penetration.  Three  sites  in  this  belt  ere 
within  range.  They  fire  and  are  tied  up  as  listed  below: 


SX_lc 

Tie-Up  Time  (In  minutes) 

24 

•  8  3  1 

j 

.637 

1  ') 

.609 

tSascd  on  tiie  above  Inforuation  the  sites  would  be  expected 
to  be  released  as  shown: 


Belt  Site  Release  T Ime  (in  minutes ) 


1 

2  3 

.025 

+ 

.652 

- 

.677 

1 

25 

.025 

+ 

.  703 

■ 

.  728 

2 

1  9 

.125 

+ 

.  609 

m 

.  734 

1 

1  6 

.025 

+ 

.  730 

m 

.  755 

1 

20 

.025 

+ 

.  732 

m 

.  757 

2 

5 

.125 

+ 

.637 

m 

.  762 

1 

4 

.  025 

+ 

.837 

m 

.  862 

2 

24 

.125 

+ 

.  831 

m 

.956 

The  weapon  sites  do  release  at  the  times  given  above,  as 


the  computer  output  shows: 


eel:  •  :jr  WEAPON  1 

.  TNCy  3 

.i-  A  -nE?  ARE  ALRFAE:  T;r[i  :jP. 
y  '  ■' 

PK  3P  Sj  t  -  .  1 1  ^ >7 jol 4535 . 

V  PK  0:'  3:iE  ■-  .;i^;753:458"i 
-  PK  OF  4.  =  J,444<12741/>e: 

PK  OF  0:‘f  It.  =  .t'lt599.5«lt5?5 
PK  iF  o;T  Z0.  ^  .iltE43619775a5 

KITE  E:.  of  belt  ■.  of  weapon  l.  jo  tied  up  for  .t51749174E«t6  MINUTES 
t'PKFh  SITE  :5,  OF  BELT  1.  OF  WlAPON  1.  IS  HED  UP  FOR  .703486t9588«5  MINUTES 
r  S8-  Si^E  4,  jF  BELT  1.  PP  WLAPON  1.  !S  TIED  UP  FOR  .8373513388346  MINUTES 
.  SITE  16.  OF  BELT  I.  OF  WEAPON  1.  IS  TIED  UP  FOR  .7297435844773  MINUTES 
SITE  li.  OF  BELT  1.  OF  WEAPON  1.  IS  TIED  UP  FOR  .732349897998  MINUTES 
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I  • 


[u  ■ 


'  1-.  'ItD  ::f  fOK  ;.14734U15tU  HINUTES 

:'.TL  i;  RLLrA,:;  4,  ifiE  tRO«  eelt  i  of  weapon  i 

;.rc  25  ;i  RELE.45;:  y  ^INF  . \ ;;.4w.6W.8iii5  FROM  BELT  1  OF  WEAPON  1 

;;te  ;s  It,  RE:rA5Ei  -  •;«£  y  .i'mn'no  from  bfli  2  of  weapon  i 

it  li  RF.:A5f:  at  .-j:4:5t;477:  from  belt  1  of  weapon  1 
,ITF  20  ;?  rflfaee:  a:  r;f«t  Fm  belt  1  of  weapon  i 

;ITE  5  12  RELEA5EL  AT  T;;r2  .7c:2T22275544  FROM  BELT  2  OF  WEAPON  J 

i:t  4  Ri.EATFD  A'  T/'E  .8i., ,517708346  FROM  BELT  1  OF  WEAPON  1 

rC  .4  IF  RFLf.AV.L  ‘IME  .w5t4!67757ij il  FRO-^  BELT  2  OF  WEAPON  1 


* 


tHlior  !>  r  o  p  u  r  t  1 1  s  ol  tiie  nod  cl 


a  r  c 


illustrated  when 


the 
n  u  r.i  b 
l.'h  e  n 

one 

i  t  . 


tiiird  and  fourth  fi)’,  liters,  enter  the  network.  Aircraft 
cr  three  enters,  tying  up  lour  A A  sites  in  belt  one. 

aircraft  number  four  enters,  the  four  sites  in  belt 
tied  up  by  aircraft  number  three  are  unable  to  engage 


^  ■  •*  If!  - 

j 

''S-  'lUU  .  ''it-H  .  ^ 

■'K'  1 

,  v1  4  ^ 

.<1^  ItD  'K  ,  / 

' 

■  _  ■  •![  ;s.  • 

.,;5:75o:5'='.Vl 

\  A'  '  •  '  .I'i  - 

,0::5if2S0;70;..  . 

,  .  .  *  ,  ,  •  i.  »  i/ , 

.0. 4000450,',/. 

■Jt 

.  162=  ^  .  .  OF  DEL 

:  or  weafkn  i 

. ;70=  Sl't  _5.  OF  DEL! 

1 .  OF  WEAPON  1 

.180=  4.  Of  FEi.' 

:  .  C'P  WEAP'oN  1 . 

;.40=  SIT  :c.  OF  BELI 
.300  = 

1 .  OF  weapon  1 

;.10=  SrE  2  IS  RELEAS 
1  220= 

ED  AT  TIME  2.48. 

Aircraft  S3  enters 


lltL;  yP  FOR  .Vii«907l54i;33  MINUTES 
TIE.  UP  FDR  .P,730041Utl71  HINUTES 

TiET  UP  FOR  j.mmumb  minutes 

TIED  UP  FOR  .t«<,4ei2SH5524  MINUTES 
771124  FROM  BELT  1  OF  WEAPON  3 


;23b=  PEL'  2  OF  WEAPON  1 
.24«-  ''NOW  -  2.19B492^0f,d48 

(4  DI'ED  ARE  ALREAOV  TIED  UP. 

.  262- 

'dll--  PK  OF  SITE  24.  ^  .a41t,43S37lSSS5 
PK  0-  SITE  5.  ^  .03412139987481 
1290:  KK  UP  -ITE  19.  ^  ,02l08e«79SH8v9 
;300=  PK  or  SITE  i.  :  i. 

.310=  PK  OF  SITE 

SITE  24.  OF  BELT  2.  QP  WEA-CN  1.  IS  TIED  UP  FOR  .6424880130581  MINUTES 
.3;:0=  SITE  5.  OF  BELT  jF  WEAPON  1.  IS  TIED  DP  FOR  .7140992894937  MINUTES 
.340=  SITE  19.  OF  BEET  2.  OF  HEAPDN  IS  TIED  UP  FOR  .8992477962203  MINUTES 
.  j5i;= 

; 360=  BELT  :  OF  WEAPON  1 
i  370=  TNOW  =  2. 547957310288 
.380=  4  sms  ARE  ALREADY  TIED  UP. 

.  ,'90= 

.400=  PK  OF  'mTE  20.  =  .05905224949717 
,410=  PK  OF  SITE  1.  =  0. 

:c0=  PK  OF  SITE  1.  =  0. 

.430=  PK  OF  SITE  1.  =  0, 

.i40z  PK  OF  SITE  1.  =  0. 

2450=  SITE  20.  OF  BELT  1,  OF  WEAPON  1.  IS  TIED  UP  ^OR  .8496394058775  MINUTES 


Aircraft  #4  enters 
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;■  h  «.•  output  b  L-  1  o  w 


shows 


;i  n 


aircraft  enterinj^  the 


second 

SA 

.■!-!)  bolt 

(the  3  Ail  - 1)  is 

referred  to  as  weapon 

1  w  o  S  A  M  - 

D 

sites  are 

within  ran  jt  o 

of  the 

aircraft,  but 

o  n  is 

a 

1  lowed  to 

fire  because 

the  Pk 

of  the  second 

IS  ()  1  o  w 

0?  . 

:  -k-  -i  .■  ■  ■■ 

'  .rO- 

-  -  ,  k  t  '  C  '  . 

: ^  /  .  t  ■  -  ■  . .  -li  - 

-f  [tl  . .  >  *-  i'-  '  •  -  ‘-'i' 


3'  . 
onlv 
site 
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Append i X  K 


Modeling  Current  Weapon  Systems 


dins  apneiulix  is  classified  SliCRHT. 
b>'  the  Air  lorce  Institute  of  Technology, 


It  is  kept  and  maintained 
AFIT/HNA. 
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A  model  of  the  terrain  I'eatnres  and  threat  scenario  uas  constructed  usin^ 
the  SLAM  computer  simulation  lanjjuajje.  I'he  Soviet  defensive  ssstems  can  lie 
moved  around  as  desired,  and  aircraft  can  entei'  tlie  s>stem  at  a  variety  of 
arrival  intervals,  airspeeds,  and  altitudes.  defensive  systems  tliat  are 
within  range  of  the  aircraft  will  shoot  at  it,  jirovided  they  are  not  tied  up 
with  a  previous  aircraft,  blocked  bv-  terrain,  or  prevented  from  shooting 
because  of  a  low  probability  of  kill. 

Tlie  capability  to  tly  faster  did  not  s  i  gn  i  f  i  cant  1  >■  incretise  the  fighter's 
survivability.  A  decrease  in  altitude  from  1000  feet  to  .SOO  fiet  increased 
survivability  to  a  minor  degree,  wliile  a  further  decrease  to  2^0  feet  improved 
survivability  signi ficant 1)-.  These  findings  led  to  the  conclusion  that  a 
strong  effort  should  be  made  to  develop  a  1-LlU  of  high  enough  resolution  to 
allow  the  pilot  to  fly  the  mission  at  an  altitude  of  250  feet  or  below. 
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